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FOREWORD 

TO 

PRINCIPLES  OF  MACmNB  WORK 

aud 

ADVANCED  MACHINE  WORK 

Text-books.  —  To  teach  any  subject  rapidly,  good  text- 
books are  a  necessity.  For  the  study  of  languages,  mathe- 
matics, physics,  chemistry,  etc.,  in  the  class-room  and  the 
laboratory,  excellent  text-books  are  obtainable  scientifically 
arranged  to  lead  the  student  progressively  and  rapidly  through 
elementary  and  advanced  principles. 

Lack  of  Text-Books  on  Machine  Work.  —  In  this  Age  of 
Machinery,  teachers,  students,  apprentices,  machine  oper- 
ators and  all  those  who  are  interested  in  the  art  and  science  of 
machine  construction  have  been  handicapped  by  the  lack  of 
text-books  comparable  with  those  that  aid  the  student  and 
teacher  in  other  subjects. 

Need  of  Text-books  on  Machine  Building.  —  To  meet  the 
urgent  demand  for  such  text-books,  the  author  has  prepared  and 
published  two  books  —  the  text-book  of  The  Principles  of 
Machine  Work  and  the  text-book  of  Advanced  Machine  Work  — 
that  beginners  might  have  the  advantages  of  text-books  as  in 
the  older  subjects  and  be  able  to  acquire  in  a  short  time,  the 
fundamental  and  the  advanced  principles  of  machine  building, 
lo^cally,  systematically  and  progressively.  These  books  super- 
sede all  the  other  editions  of  his  books  on  machine  work. 

"  Principles  of  Machine  Work  "  describes  the  metals  and 
materials  used  in  machine  construction,  and  names  the  tools 
and  instruments  and  schedules  of  operations  and  hand  proc- 
esses. It  treats  of  Heat  Treatment  of  Steel;  Hardening  and 
Tempering  Carbon  Tool  Steels  and  High-sp)eed  Steels;  Oxy- 
Acetylene  Welding  and  Cutting,  Lead  Burning;  Thermit  Weld- 
ing, Electric  Welding,  Brazing  and  Soldering;  Pipe  Fitting; 
Laying  Out  Work;  Hand  and  Pneumatic  Chipping,  Riveting 
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and  Drilling,  Filing  and  Scraping;  Lacing  Belts,  Alining  Shaft- 
ing and  Installing  Machines;  Drills  and  Drilling;  Taps  and 
Tapping;  Speed  Lathes,  Hand  Tools  and  Hand  Turning. 

"  Advanced  Machine  Work  "  treats  of  Engine  Lathe  Work  ; 
Cutting  Tools;    Measuring;    Turning;    Fitting;    Threading; 
Chucking;  Reaming;  Mandrels  or  Arbors;  Curve  Turning  and 
Forming;  Inside  Calipers  and  Inside  Micrometers;  Boring  and 
Inside  Threading;  Brass  Finishing;  Broaching;   Drilling  Jigs; 
Boring,  Boring  Bars  and  Boring  Machines;  Eccentric  Turning; 
Nurling;  Cylindrical,  Internal,  Surface  and  Cutter  Grinding; 
Planing;  Milling;  Spur,  Spiral,  Worm  and  Bevel  Gear  Cutting; 
Generating  Gears;  Toolmaking;  Spiral  Milling;  The  Plug  and 
Button  Methods  of  Locating  Holes  of  Precision  in  Jigs  and 
Fixtures;   Sine  Bar;  Relieving  or  Backing  Off  Cutters,  Taps, 
Counterbores  and  Hobs;  Inspection  and  Limit  System. 

Books  in  Sectional  Form.  —  These  text-books  are  divided 
into  Sections.    Each  Section  is  complete  in  itself. 

Illustrations.  —  Machines,  mechanisms  and  tools,  prob- 
lems and  processes,  methods  and  operations  are  graphically 
illustrated  by  perspective  and  mechanical  drawings. 

The  drawings  have  been  made  especially  for  these  books 
and  are  so  clearly  marked  with  letters,  words,  and  figures, 
that  many  of  them  are  self-explanatory  of  the  operations 
and  processes  which  they  represent  and  tell  things  far  better 
than  could  be  told  by  words. 

Schedules  of  Operations.  —  To  secure  efficiency  in  teach- 
ing or  manufacturing,  it  is  necessary  to  be  equipped  with  a 
well-defined  plan  of  attack  for  the  problem  in  hand.    The 
schedules  of  operations  in  these  text-books  provide  the  student 
and  teacher  with  a  complete  plan  in  table  form,  for  the  rapid    i 
production  of  standard  and  typical  problems  in  machine 
construction.    They  name  the  time  necessary  to  complete    i 
the  work,  the  materials,  machines,  speeds,  feeds,  tools,  jigs,     I 
and  fixtures  for  each  consecutively  numbered  or  lettered 
operation,  and  the  accompanying  illustration  is  numbered 
and  lettered  to  correspond. 

These  schedules  of  operations  have  been  used  by  the  author 
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for  many  years  in  his  classes  and  are  the  methods  now  used  in 
all  modern  manufacturing  efficiency  systems. 

To  the  Student.  —  These  text-books  constitute  a  complete 
treatise  on  the  indispensable  principles  and  processes  of 
modem  machine-shop  practice  for  the  production  of  ma- 
chine parts,  machines  and  tools.  They  tell  how  to  do  things 
with  that  theory  which  connects  principles  and  practice  and 
no  person  can  build  machines  or  superintend  the  construc- 
tion of  machinery  without  consciously  or  unconsciously  under- 
standing and  appl3ang  these  principles.  The  basic  operations 
and  processes  have  been  reduced  to  problem  form.  The 
study  and  practice  of  these  problems  and  methods  supple- 
mented by  lectures,  demonstrations,  and  instruction,  will 
give  the  student  not  only  an  excellent  training  in  machine 
work,  but  also  a  broader  training  by  teaching  him  to  plan 
methods  of  doing  things,  to  study  his  movements  and  avoid 
wasting  steps  and  motions,  and  thus  to  conserve  his  time  and 
his  energy,  thereby  obtaining  mental  and  physical  precision 
and  scientific  efficiency. 

To  the  Instructor  these  text-books  will  be  of  great  assistance 
by  furnishing  an  organized  course.  They  will  supplement 
the  lectures,  enrich  the  individual  instruction,  and  supply 
information  and  answers  to  the  innumerable  questions  of  the 
students,  thereby  conserving  the  instructor's  time  and  ena- 
bling the  students  to  work  with  greater  efficiency  and  dispatch. 

To  obtain  the  greatest  benefit,  the  use  is  urged  of  as  many 
of  the  problems  as  time  and  conditions  will  permit,  and  in  the 
order  given  in  the  books,  so  far  as  the  equipment  of  special 
machines  will  allow.  These  books  will  be  found  valuable 
in  experimental  work  and  in  building  apparatus  and  ma- 
chines, as  the  schedules  of  operations  and  the  processes  give 
the  correct  methods  for  making  machine  parts,  tools,  and  for 
building  machines. 

In  fact,  the  schedules  of  problems  and  processes  are  com- 
plete and  condensed  lessons  in  scientific  efficiency,  and  teach 
the  shortest,  quickest  and  easiest  way  to  obtain  results. 
These  books  do  not  teach  casual  ideas  but  scientific  principles 
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developed  by  thirty  years'  study  of  the  subject.  These 
powerful  lessons  enable  the  student  to  make  the  most  of  his 
efforts  and  time  without  waste  of  energy. 

To  the  Machine  Operator.  —  To  the  man  who  has  been 
trained  on  one  machine^  or  to  perform  but  few  operations, 
these  text-books  open  the  door  of  opportunity  to  a  broader 
training,  increased  eflSciency,  and  greater  earning  poicer. 

To  the  Apprentice.  —  These  books  will  be  of  great  value 
to  apprentices  and  to  young  machinists  for  any  problem 
which  may  arise  in  the  machine  shop,  as  neither  the  super- 
intendent, foremen,  toolmakers  nor  machinists  have  the  time 
to  instruct  the  apprentices  in  the  principles  and  processes 
presented. 

An  apprentice  or  young  machinist  may  have  worked  a  long 
time  in  the  shop  without  seeing  or  doing  a  particular  kind  of 
work,  for  shop  work  depends  on  commercial  requirements. 
When  new  work  comes  to  such  a  man  he  will  find  the  method 
of  procedure  so  clearly  set  forth  in  these  books  that  he  will 
have  but  little  diflSculty  in  following  directions. 

As  these  principles  and  processes  can  be  applied  to  all 
machine  work,  their  faithful  study  by  the  apprentice  or  young 
machinist  will  not  only  increase  his  knowledge,  develop  high 
eflSciency  and  rapid  and  accurate  workmanship,  but  will  also 
make  him  more  valuable  to  his  employer  during  his  period  of 
learning  by  largely  increasing  his  power  of  production. 

Furthermore,  these  text-books  teach  the  apprentice  to  read 
and  understand  technical  literature.  They  train  him  to 
translate  printed  matter  into  intelligent  action.  This  is  a 
great  acquisition,  for  in  no  other  way  can  an  apprentice 
keep  abreast  of  everything  technical  and  scientific.  It  is 
self-evident  that  the  training  we  have  so  briefly  outlined  will 
tend  to  increase  his  earning  power  and  to  fit  him  for  a  better 
position  at  the  close  of  his  apprenticeship. 

To  the  Machinist.  —  To  machinists  who  have  served  their 
apprenticeships  in  the  small  machine  shops,  with  limited 
equipment  and  range  of  work;  to  those  who  were  trained  in 
the  large  machine  shops  well  equipped  with  improved  ma- 
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chinery,  but  where  intensive  methods  of  manufacturing  and 
repetitionai  production  may  have  limited  their  opportunities 
to  acquire  that  broad  fundamental  training  so  necessary  to 
future  success;  and  to  all  machinists  who  wish  to  fit  them- 
selves for  better  positions  by  further  study,  these  books  will 
be  an  aid  and  an  inspiration.  Even  to  those  who  have  had 
a  superior  training,  such  as  managers,  superintendents  and 
foremen,  they  will  be  valuable  as  works  of  reference- 

The  Increased  Efficiency  obtained  at  the  Massachusetts 
Institute  of  Technology  by  use  of  these  text-books,  and  the 
kind  reception  given  them  by  the  technical  press,  schools 
and  shops,  teachers  and  students,  apprentices  and  machinists, 
have  shown  the  need  of  text-books  on  machine  work  and 
justified  their  production. 

The  increasing  number  of  state  universities,  technical,  trade, 
and  manual  training  schools  that  are  adopting  these  books 
as  a  required  text  is  evidence  that  the  want  they  meet  is  wide- 
spread. 

Grateful  Acknowledgment.  —  To  the  teachers  and  edu- 
cators, manufacturers  and  engineers,  foremen  and  mechanics, 
associates,  and  other  friends  in  all  parts  of  the  country,  who 
have  kindly  assisted  with  information,  help  and  encourage- 
ment, I  take  this  opportunity  to  express  my  indebtedness 

and  appreciation. 

R.  M.  S« 

Boston,  U.  S.  A.,  March  1,  1919. 
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SAFETY  WARNINGS 

TO 

AVOID    ACCIDENTS   WHEN   OPKlATHfG     MACHINBS»   TOOLS, 

OR  APPLIANCES 

Guards  and  safety  appliances.  —  Guard  dangerous  parts 
of  power-driven  machines  properly,  according  to  modem  safety 
standards,  and  to  comply  with  the  laws  of  the  State  or  Muni- 
cipality. Gears,  pulleys,  belts,  couplings,  ends  of  shafts  having 
keyways  and  other  revolving  or  reciprocating  dangerous  parts, 
are  some  of  the  mechanisms  that  are  generally  required  to  be 
guarded  to  a  height  of  six  feet  above  the  floor.  Safety  set 
screws  and  collars  are  required.  Guards  should  be  removed 
only  for  repairing  or  adjusting  the  machine,  then  replaced  be- 
fore operating  the  machine. 

Danger  Notice,  —  When  engine  or  motor  is  stopped  do  not 
be^n  work  on  the  line  shaft,  jackshafts,  countershafts,  over- 
head puDeys  or  belts  without  first  notifying  the  engineer  or  the 
man  in  charge  of  the  motor. 

Lig^t  and  sanitation.  —  As  factors  of  safety,  efficiency,  and 
health,  rooms  should  be  kept  clean,  well-lighted,  and  have  a 
large  volume  of  circulating  air. 

Operating  machines.  —  Do  not  start  or  attempt  to  operate 
a  machine  until  its  mechanism  and  its  attending  dangers  are 
fully  explained  by  a  qualified  person. 

LcLck  of  knowledge  is  the  cauee  of  more  ojcddenta  hy  machines 
than  carelessness.    Most  accidents  are  avoidable. 

Oiling  overhead  bearings.  —  Never  expose  yourself  to  the 
dangers  of  revolving  shafting,  pulleys,  and  gears,  by  oiling  over- 
head shaft  bearings,  countershafts,  loose  pulleys  or  clutches 
while  in  motion. 

Clothing.  —  Wear  a  suitable  working  uniform,  preferably 
overalls  and  jumper,  with  jumper  inside  overalls.  The  working 
uniform  should  be  washed  at  regular  intervals.  Badly  soiled 
clothing  is  unsanitary,  unhygienic  and  inefficient  and  may  cause 
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infection  in  scratches,  cuts  or  wounds.  Ix)ose  or  torn  clothing, 
particularly  loose  or  torn  sleeves,  or  a  flowing  necktie,  is  dan- 
gerous. Never  wear  gloves  when  operating  a  machine  excepi 
when  absolutely  necessary. 

Cleaning,  adjusting,  repairing,  and  oiling  machines.  — 
Stop  the  machine  before  cleaning,  adjusting,  or  repairing.  If  i 
dangerous  part  of  a  machine  must  be  oiled  while  running,  usi 
an  oil  can  with  a  long  spout.  The  belt  or  clutch  shipp<»: 
(shifter)  should  be  lockedy  or  otherwise  fastened,  when  adjusting 
or  repairing  a  dangerous  part  of  a  machine.  Serious  accident.- 
have  occurred  by  some  person  starting  a  machine  while  another 
person  was  adjusting  or  repairing  it. 

Do  not  lean  against  a  machine. 

Belting.  —  Do  not  pinch  or  try  to  hold  a  belt  when  pushing 
it  on  or  off  a  pulley.  Keep  the  fingers  straight,  stiff  and  to- 
gether, and  act  quickly. 

To  put  belts  on  or  off  overhead  pulleys,  use  a  pole  with  a  suit- 
able shifting  device  or  hook  at  the  end.  It  is  dangerous  to 
climb  a  ladder  to  put  on  an  overhead  belt  in  the  midst  of  other 
running  belts.    Ladders  should  have  safety  feet. 

Gearing.  —  Do  not  clean'  running  gears.  Cotton  waste, 
loose  clothing,  or  the  end -of  the  belt  you  may  be  wearing,  is 
quickly  caught  in  running  gears  and  thereby  may  draw  in  and 
crush  the  fingers,  the  hand  or  the  arm,  or  cause  injury  to  the 
body.  Running  gears  are  among  the  most  dangerous  of  mech- 
anisms.   All  gearing  should  be  well  guarded. 

Engine  and  speed  lathes.  —  Revolve  a  lathe  one  complete 
revolution  before  stai*ting  it  by  power  to  see  that  there  is  ample 
clearance  between  work,  dog,  chuck,  and  carriage.  When 
filing  or  polishing  work  in  an  engine  or  speed  lathe,  see  that  the 
sleeves  are  tight  or  rolled  up.  Keep  hand  and  arm  above  the 
rotating  dog  and  work. 

Do  not  put  your  hand  or  fingers  on  revolving  work,  spindles, 
pulleys,  gears,  chucks,  or  shafts. 

Chucks.  —  Hold  a  chuck  firmly  when  screwing  it  on  or  off 
the  nose  of  the  lathe  spindle,  otherwise  it  is  liable  to  drop  on  the 
ways  of  the  lathe  and  injure  the  hand    Hold  small  chuck  with 
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he  hand.  Medium  and  larger  chucks  are  held  by  resting  the 
rhuck  on  the  right  forearm  while  rotating  the  spindle,  by  means 
of  the  belt,  with  the  left  hand.  For  very  large  chucks,  have  an 
assistant,  or  use  a  crane  or  tackle.  Before  starting  the  lathe, 
be  sure  to  fasten  the  work  into  the  chuck  firmly  and  remove 
chuck  wrench. 

Drilling  with  drill  press  or  speed  lathe.  —  Never  try  to  hold 
a  short  piece  of  work  with  the  hand  while  drilling  as  it  is  liable 
to  be  jerked  away  suddenly  and  cause  a  painful  and  often  a 
serious  accident  by  cutting  or  bruising  the  hand. 

Work  that  is  to  be  drilled  with  a  drill  press  should  be  fastened 
finnly  in  a  vise,  clamped  to  the  table  or  screwed  to  a  suitable 
fixture.  Work  that  is  to  be  drilled  in  a  speed  lathe  should  be 
held  with  some  suitable  device  such  as  a  hand  vise  or  a  lathe 
dog  supported  by  the  Tee  rest. 

A  torn  sleeve  or  a  flowing  necktie  may  be  quickly  caught  by  a 
high-speed  spindle  of  a  sensitive  or  multiple-spindle  drilling  ma- 
chine and  cause  a  serious  accident.  • 

Milling  cutters.  —  Do  not  brush  the  chips  from  a  revolving 
milling  cutter  with  the  fingers,  or  waste.  If  need  be,  use  a  suit- 
able brush. 

A  loose  or  torn  sleeve  or  cotton  waste,  may  quickly  catch  in  a 
revolving  milling  cutter  and  draw  in  and  crush  the  fingers  or  the 
hand. 

Grinding  wheels.  —  Rotate  a  grinding  wheel  by  pulling 
l^elt  by  hand,  and  examine  the  wheel  carefully  to  be  sure  that 
it  is  not  broken  before  starting  by  power.  To  avoid  vibration 
and  bursting,  keep  the  wheel  true  with  a  dresser.  Do  not  run 
the  wheel  faster  than  the  speed  recommended.  Grinding 
wheels  must  be  well  guarded. 

To  grind  tools  or  work  held  on  a  rest,  clamp  the  rest  firmly 
and  closely  to  the  wheel.  When  grinding  with  a  dry  wheel, 
protect  the  eyes  by  wearing  safety  goggles.  When  grinding 
^ith  an  unprotected  grinding  wheel,  stand  a  little  to  one  side  to 
avoid  the  danger  of  flying  emery  and  breaking  wheel. 
Planers  and  shapers.  —  Note  the  position  of  jigs  or  fixtures 

and  work  on  table,  in  relation  to  the  cutting  tool,  before  starting 
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a  planer.  Note  also  the  position  of  the  table  dogs,  to  avoid  the 
clanger  of  the  tool  cutting  into  the  work  or  the  fixture  that  may 
be  on  the  table. 

Do  not  leave  loose  pieces,  such  as  bolts,  nuts,  tools,  or  fixtures, 
on  the  table  when  it  is  running  as  they  may  shake  off  and  drop 
into  and  break  the  gearing  inside  the  bed. 

Do  not  use  the  space  inside  the  bed,  as  a  receptacle  for  tools 
and  reach  for  these  tools  while  the  table  is  running;  this  ha^ 
caused  many  serious  accidents.  To  prevent  such  accidents, 
the  space  inside  of  bed  should  be  covered  with  a  suitable  guard. 

Metal  chips  and  shavings.  —  Do  not  remove  chips  or 
shavings  with  the  hand.  Remove  cast-iron  chips  which  break 
into  small  fragments  with  a  brush.  Steel  turnings,  steel  planer 
chips,  and  steel  drilling  chips,  which  are  long  shavings,  may 
cause  a  bad  cut  if  an  attempt  is  made  to  remove  them  with  the 
hand.  They  may  be  broken  with  the  crooked  end  of  a  scratch 
awl  or  bent  rod,  and  then  brushed  off  the  machine. 

Hand  tools.  —  Never  use  a  file  without  a  handle.  Handles 
of  files,  hammers,  and  other  tools,  should  be  tight  and  free  from 
splints. 

Chipping.  —  In  hand  or  pneumatic  chipping,  alwajrs  chip 
toward  the  wall,  screen,  or  shield,  and  avxiy  from  other  persons. 

Repeated  blows  on  the  head  of  a  chisel,  or  similar  tool  will 
develop  burrs.  They  should  be  ground  off  or  the  chisel  head 
dressed  and  annealed  to  avoid  flying  chips  due  to  the  brittle 
burrs  breaking  off.  When  others  are  chipping  in  the  same 
room,  it  is  best  to  protect  the  eyes  with  safety  goggles. 

Babbitt,  lead,  solder.  —  When  handling  or  pouring  molten 
babbitt,  lead,  solder,  or  other  metal,  protect  the  eyes  with  safety 
goggles  or  a  helmet. 

Avoid  water,  moisture,  or  even  a  slight  dampness  on  bench, 
in  ladle,  or  on  other  tools,  or  on  floor  or  the  ground;  for  if  molten 
metal  is  dropped  or  spattered  on  wet  objects,  it  may  cause  a 
dangerous  explosion  and  serious  injury. 

As  a  necessary  measure  of  prevention,  dry  tongs,  pokers, 
ladles,  or  other  tools  by  preheating  them  in  the  forge,  furnace, 
or  by  torch,  before  putting  them  into  molten  metal. 
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To  pour  babbitt  bearings,  or  to  pour  lead  or  other  soft  metal 
uto  molds,  cracks,  crevices,  or  foundations,  fii^  carefully  dry 
he  parts  by  preheating  with  a  torch. 

Bedding  on  foundations.  —  Type  metal  is  often  used  for 
)ed(ling  on  foundations,  for  engines,  pumps,  power  hanmiers, 
iiid  other  classes  of  heavy  machinery;  also  for  bedding  castings, 
ye  beams,  etc.,  on  concrete  or  granite  foundations. 

To  remove  dampness  and  to  avoid  an  explosion,  powdered 
osin  may  be  sprinkled  over  the  siufaces  where  it  is  not  con- 
renient  to  preheat  the  work  with  a  torch.  The  molten  metal 
s  poured  from  the  side  preferably  through  a  spout.  The 
x)wdered  rosin  will  bum  out  ahead  of  the  molten  metal  and 
emove  the  moisture  or  dampness. 

Tbe  spaces  into  which  molten  metal  is  to  be  poured  should 
lave  laiige  vents  to  allow  the  hot  gases  to  escape. 

Various  cold  materials  are  used  for  bedding  structural  work, 
base  plates,  or  castings  on  foundations  without  danger  of  eZ" 
plosion: 

Grout  which  may  consist  of  cement  alone  or  cement  and  fine 
sand  of  equal  parts  and  sufficient  water  to  make  the  mixture 
pour;  also  a  wet  mixture  of  sal  ammoniac  and  iron  filings;  and 
sheet  lead. 

Grout  or  molten  sulphur  is  used  to  anchor  bolt  heads  in  holes 
in  foundations. 

AutogenottSi  thermit  and  electric  Welding.  —  Protect  the 
eyes  with  suitable  gog^es  (scientifically  colored)  when  welding 
by  the  autogenous,  thermit,  or  electric  processes.  For  electric 
arc  welding,  protect  the  face  as  well  as  the  eyes  by  a  helmet 
which  is  made  for  the  purpose. 

Welding  by  any  process  that  requires  an  extremely  high  tem- 
perature will  cause  serious  and  often  permanent  injurj^to  the 
eyes  and  in  some  cases,  to  the  skin,  if  they  are  not  protected. 
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FIRST  Am  SUGGESTIONS 

First  Aid  Equipment.  —  Keep  a  standard  medical  kit, 
splints,  stretcher,  disinfectants,  sterilized  gauze  and  bandagp 
in  some  accessible  place,  and  where  possible  have  hot  wate 
available.  Designate  and  instruct  some  person  who  has  natun 
qualifications  to  render  fijrst  aid,  and  order  all  others  when  ii 
jured  to  report  at  once  to  him.  If  the  injury  appears  serio 
or  the  patient  seems  to  be  profoundly  affected  by  the  acciden* 
seek  medical  advice  immediately.  Make  a  thorough  inspectio 
of  the  injury.  Think  carefully  but  act  promptly.  Keep  ccx 
as  self-control  is  one  of  the  first  essentials  in  the  person  rende' 
ingaid. 

Blood  poisoning.  —  Treat  and  dress  immediately  ever} 
scratch,  cut,  wound,  bruise  or  bum  to  avoid  infection  or  blo<^ 
poisoning  which  might  incapacitate  a  person  from  work  i< 
weeks  or  months.  The  slightest  scratch  is  worthy  of  attentio: 
Remember  that  soap  and  water  cleansing  of  the  parts  injuro' 
is  a  good  preliminary  measure,  but  should  be  followed  by  d . 
infection. 

Hands  that  are  to  treat  the  wound  should  be  washed  —  su 
gically  clean.  A  neglect  of  cleanliness  may  cost  the  patient 
life. 

To  disinfect  and  relieve  pain  wash  with  a  weak  solution  c 
carbolic  acid  and  water  (1  part  to  40)  and  rinse  with  war» 
water.    Iodine  (tincture)  with  alcohol,  half  and  half,  is  anotl  c 
disinfectant  highly  recommended  as  a  local  antiseptic  and  shoi .' 
be  in  every  kit.    Paint  the  wound  thoroughly  with  the  tinctur 
of  iodine.    Cover  wound  with  sterilized  gauze  then  bind  witli 
clean  bandage.    An  open  wound  should  not  be  sealed  by  ti^lii 
bandadng  or  by  collodion.    The  inspection  of  such  a  woim- 
should  DC  made  at  least  every  24  hours  and  a  physician  coii 
suited  at  the  first  signs  of  inflammation. 

Attention,  —  Other  emergency  disinfectants  are  alcohol,  Wt»a. 
sulphur-naphthol,  gasoline,  shellac  or  soap  and  water. 

*  A  standard  "  First  Aid  Kit "  such  as  recommended  by  the  Nation: 
Safety  Coimoil  will  be  foimd  very  satisfactory. 
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:  bums  put  a  teaspoonful  of  bicarbonate  of  soda  into  a 
)f  hot  water  and  bathe  or  use  carron  oil  (linseed  oil  and  lime 
•) .  For  muscle  sprains  and  injuries  to  joints  apply  hot  or 
ivater,  keeping  the  injured  parts  at  rest.  In  the  event  of 
ire  place  the  limb  where  it  cannot  be  jarred  and  support 
a  splint  made  soft  by  the  use  of  cotton  wadding,  a  pillow 
y  pliable  material  available  and  send  for  a  physician. 
^dical  and  dental  departments  in  shops  and  factories.  — 
erson  can  work  eflSciently  with  steel  or  emery  in  his  eye, 
the  toothache  or  while  suffering  pain  in  any  form.  If  the 
>f  a  plant  justifies,  medical  and  dental  departments  should 
rovided,  with  a  physician,  dentist  and  nurse,  on  duty,  so 
attention  may  be  given  injuries  at  once  in  order  that  men 
return  promptly  to  work. 


ADVANCED   MACHINE    WORK 

SECTION  1 

LATHE  WORK 

Engine  Latties.    Eiectrically-dfivea  fifachine  Tools.    Truing  and  Alining 
Centers.    Center  Holes.   Cutting  Tools.   Lathe  Tools  for  Cast  Iron. 
Grinding  Lathe   Tools.    Setting  and  Using   Outside   Calipers. 
Cutting  Speeds,  Cut-Meter,  and  Feeds.    Lubricants  for  Cut- 
ting Tools.    Inspecting  and  Measuring  Material  (Stock). 

ENGINE  LATHES 

1.  Evolution  of  the  lathe.  —  The  lathe  is  the  most  general 
and  useful  of  all  machine  tools  and  is  used  to  produce  cylin- 
drical surfaces. 

The  date  of  its  origin  is  lost  in  antiquity.  The  first  lathes 
consisted  of  two  short  posts  driven  into  the  ground,  and  a  nail 
driven  into  each  formed  the  centers  on  which  the  work  re- 
volved, operated  by  a  rope,  treadle  and  sapling,  or  lath,  and 
from  the  latter  name  the  term  lathe  is  derived. 

To  Henry  Maudslay  of  England,  belongs  the  credit  of 
inventing  the  slide  rest  and  applying  it  to  the  lathe  about 
1794;  and  later,  to  other  machines.  Planing  machines  came 
next,  and  did  for  plane  surfaces  what  the  lathe  had  done  for 
cylindrical  surfaces.  Then  followed  milling  machines,  grind- 
ing machines,  screw  machines,  gear-cutting  machines,  etc.  The 
improvements  in  machine  tools  during  the  past  fifty  years  have 
been  greater  than  in  all  the  preceding  years. 

2.  Swing  of  lathes.— A  lathe  is  designated  by  its  swing  and 
total  length  of  bed.  A  14"  X  6'  engine  lathe  will  swing  four- 
teen inches  in  diameter  over  ways,  but  will  only  swing  about 
8''  over  a  rise  and  fall  rest,  and  about  lO''  over  a  plain  or 
compound  rest.  In  length  it  will  turn  six  feet  less  the  com- 
bined length  of  head  and  footstock.  A  6'  bed  will  turn  about 
35"  between  centers. 

lOi 
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•3.  Classes  of  lathes.  —  Lathes  are  divided  into  many 
classes,  some  of  which  are  designed  especially  for  the  work 
performed  upon  them,  as  the  wheel  lathe,  axle  lathe,  puUey 
lathe,  turret  lathe,  bench  lathe,  jeweler's  lathe,  etc.,  and  for 
general  work;  the  en^ne  lathe,  which  when  supplied  with 
special  attachments  is  called  a  tool-maker^s  lathe. 

4.  The  engine  lathe,  see  Figs.  1, 2,  is  supplied  with  hand  and 
power  long.  ilongittuUnal)  and  cross  feeds,  is  arranged 
for  screw  cutting  for  which  a  tiad  screw  is  provided,  and  is 
usually  constructed  with  back  gears.  The  cutting  tool  is 
held  in  a  tool  post  which  is  clamped  to  the  tool  block  and 
the  whole  mounted  on  a  carriage. 


CONE  HEADSTOCK.  COUNTERSHAFT  DRIVE,  BELT  OR 

GEAR  FEED 


Essential  Parts,  Fig.  2. 


6.  A—  Bed. 


.  B  and  B'  —  Legs  fastened  to 
bed  by  cap  screws,  to  floor  by  lag 
screws. 

C  and  C  —  Front  ways  of  two 
pairs  of  V  ways,  planed  and 
scraped. 

D — Headstock  bolted  to  ways. 

E  —  Footstock  or  tailstock; 
position  adjustable. 

F  and  F'  —  Bolts  for  clamping 
footstock  to  ways  C 

G  —  Carriage,  two  parts,  mov- 
able on  wa3rB. 

H  —  Saddle ;  carries  tool  mech- 
anism. 

H'  —  Apron ;  carries  feed  mech- 
anism. 


^ 


6.  Footstock. 

May  be    set    over   for    taper 
urning. 


/ 


/  —  Front  screw  of  a  pair  for 
adjustment  of  upper  part  of  foot- 
stock; back  screw  not  visible. 

/  —  Spindle. 
^  K  —  Handle    operating    foot- 
stock spindle. 

L  —  Binder  for  clamping  J. 

M  —  Dead  center. 

N  —  Oil  well  and  oiler  for  dead 
center. 

7.  Carriage. 

0  —  Tool  post. 

(y  —  Screw  for  fastening  cut- 
ting tool. 

P  —  Slide  rest,  rise  and  fall 
type  (or  elevating  rest). 

Q — Handle  for  adjusting  height 
of  tool. 

R  —  Thread   stop,   used  when 
cutting  screw  threads. 
.    S  —  Handle  for  operating  long, 
feed  by  hand. 
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T  —  Knob  for  operating  long. 
feed  by  power. 

U  T—  Handle  for  operating  cross 
ijfeed  by  hand. 

V  —  Knob  for  operating  cross 
fee«  by  power. 

'  W  —  Lever  for  operating  split 
n^  (half-nuts)  inside  apron  H'. 

X  —  Lead  screw  engaged  by 
*8plit  nut  when  cutting  threads. 
..y  — Feed  shaft. 
Z  —  Feed  rack. 


8. 


Headstock, 


t « 


•  '  1,  2>  3,  4  —  Steps  on  headstock 
cone.  Belt  on  l/slowest  speedy  on 
4y  fastest  speed.        • 

5  —  Thrust  bearing  and  end 
adjustment. 

6  T—  Back  gears. 

7  —  Lever  for  throwing  6  "  in  "• 
or  "out." 

8  —  Face  plate,  slotted  to  re- 
ceive dog. 

9 — live  center. 

10  and  10"  —  Oil  holes  for  live 
spindle. 

9.  Feed. 

11  —  Stud  on  feed  spindle ; 
transmits  motion  from  lathe 
spindle  to  carriage  for  turning  by 
12,  13, 14,  15,  16  to  feed  shaft  Y; 
for  screw  cutting  by  17, 18,  19  to 
lead  screw  X, 

A  set  of  change  gears  is  supplied 
for  screw  cutting  and  gear  feed. 
12, 13  —  Feed  cones. 
14  —  Feed  belt. 

20  —  Index  plate  of  gears,  for 
screw  cutting. 

21  —  Supplementary  radial  arm 
.  to  carry  two  gears  fixed  on  sleeve, 
*'  for  compounding  change  gears  for 


fine  or  coarse  thread;  serves  to 
connect  22  on  11  to  18,  and  thence 
to  X, 

22  —  Gear. 

10.     AiUamatic  Feed  Stop. 

23  —  Automatic  stop  sleeve. 

24  —  Clutch  (23  and  24  used  to 
stop  carriage  automatically  at 
desired  point). 

25  —  Clamping  bolt  (swinging 
13  outward  tightens  feed  belt). 

26  —  Gear  feed.  Remove  belt 
14,  swing  13  until  26  meshes  with 
18.  By  different  combinations  of 
g^ars  a  large  variety  of  feeds  is 
obtainable.  Six  cone  belt  feeds 
are  provided  by  interchanging 
16  and  26. 

27  —  Reversing  lever;  reverses 
feed    mechanism    in    headstock. 

IL  Countershaft    (friction    type) 
and  Line  Shaft. 

28  —  Speed  belt. 

29  —  Countershaft  cone  pulley. 

30  —  Headstock  cone  pulley. 

31  —  Countershaft  mechanism 
(consists  of  shaft,  cone  pulley, 
pulley  for  driving  forward  belt, 
pulley  for  driving  backward  belt, 
and  clutch  mechanism). 

32  and  32'  —  Hangers  bolted  to 
hanger  plank. 

33  —  Hanger  plank. 

34  —  Line  shaft ;  drives  31. 

35  —  Line  shaft  hanger. 

36  —  Hanger  plank. 

37  —  Driving  belt,  37  to  42 ; 
drives  lathe  forward. 

38  — Backing  belt,  38  to  44; 
drives  lathe  backward. 

39  —  Shipper  pole,  pivoted  to 
33. 
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40  —  Shipper  rcxl ;  controb  fric- 
tion-clutch mechanisni. 

41  —  Expanding  clutch;  en- 
gages pulley,  driving  lathe  for- 
ward, 

42  —  Driving  pulley. 

43  —  Expanding    clutch;    en- 


gages pulley,  driving  lathe  back- 
ward. 

4-1  —  "Backing"'pulley. 

(To  run  lathe  "forward,"  push 
shipper  to  left;  clutch  41  engages 
42;  "backward,"  push  shipper 
to  right;  clutch  43  engages  44.) 


Fia.  3.— HoKUoNTAi.  SetTnoN  of  ENOiNe-LATHE  Hbadstock. 


12.    Back  Gears  and  Headstock. 
(Fig.  3,)    ' 

Back  gears  are  used  to  reduce 
Bpeed  and  increase  power  of  ma- 
chine.    Ratio  is  about  10  to  1. 

A — Cone  pulley;  running  fit 
on  spindle. 

B  —  Spindle. 

C  —  Gear  fast  to  cone  pulley. 

D  —  Gear  keyed  to  spindle  B. 

E  —  Slide  bolt  to  fasten  AioD. 

F  ~  Slide  nut. 

G  and  G'  —  Back  gears  fast  on 
aleeve. 

H  —  Sleeve;  running  fit  on 
shaft. 


/  —  £>xentric  shaft. 

J  and  J'  —  Brackets,  part  of 
headstock  casting. 

K  —  Lever  to  rotat«  shaft  /, 
throwing  back  gear  "in  "or  "out."  ^ 

L  — Live  center;  taper  fit  in  B. 

M  and  M'  — Oil  holes  (oiled 
before  using  back  gears). 

N  and  JV'  — Oil  holes  (oiled 
before  using  back  gears). 

To  Operate  Back  Gears. 

For  direct  cone  drive,  slide  nut 

F  is  in  slot  in  cone  A,  back  gears 

"out."    To  use  back  gears,  drop 

bolt  E  and  secure,  throw  lever^ 
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K  forward.  To  obtain  direct  cone 
speed  again,  throw  lever  back. 


Double  and  Triple  Back  Gears. 
To  obtain  a  greater  reduction  of 


loo9en  E  and  revolve  cone  until  I  gpeed,  lathes  are  built  double  or 
Fengagesslotinil.    Tighten]^.    ;  triple  back  geared. 

Information.  —  Modem  engine  lathes  have  a  micrometer  dial  upon 
the  cross-feed  screw  which  is  convenient  for  fine  adjustments  and  to 
use  in  conjunction  with  micrometer  calipers.  £^h  graduation  gives 
a  cut  one-thousandth  in  depth  which  reduces  the  work  two-thou- 
sandtha  in  diameter.     See  Micrometer  Calipers,  p.  207. 

AUeniion,  — Gear  guards  are  often  provided  to  prevent  accident 
and  to  keep  dirt  and  chips,  from  gear  teeth. 

13-  A  typical  lathe  apron.  •  Fig.  4.  — The  apron  of  a  lathe 
carries  the  greater  part  of  the  feed  mechanism.  Fig.  4  shows 
a  lathe  apron  and  the  three  distinct  mechanisms,  the  long, 
feed,  cross  feed,  and  screw-cutting  feed.  The  first  is  used  for 
moving  carriage  back  and  forth  along  bed  for  turning;  the 
second  for  moving  cross  slide  in  and  out  for  squaring;  the 
third,  the  lead  screw  and  split  nut,  for  moving  carriage  along 
bed  for  cutting  screw  threads. 

14.  To  change  direction  of  feeds. — The  reversing  mechanis  m 
to  change  direction  of  rotation  of  feed  shaft  may  be  in  the  head- 
stock  and  operated  by  lever  27,  Fig.  2,  or  in  the  lathe  apron. 
See  Inspection  of  an  Engine  Lathe,  p.  1402. 

LONG.  FEED.     CROSS  FEED.     LEAD  SCREW 


16.  Long,  Feed, 

A  —  Long,  feed  handle. 

B  —  Pinion. 

C  —  Spur  gear. 

D  —  Sliding  stud. 

E  —  Sliding  pinion,  on  inner 
end  of  stud  D. 

F  —  Feed  rack,  fastened  to 
under  side  of  bed. 

G  —  Splined  feed  shaft. 

H  —  Feather-keyed  worm  held 
In  bracket  H'. 


J  —  Worm  gear. 

K  —  Friction  clutch  to  connect 
/  and  L. 

L  —  Pinion  fast  to  K, 

M  —  Knob  controlling  clutch 
K.  Hand  long,  feed  is  obtained 
by  rotating  A  which  drives 
through  B,  C,  ^  to  F.  Power 
long,  feed  is  obtained  from  G. 
Clutch  Kf  shown  out  of  action,  is 
thrown  in,  which  causes  G  to 
drive  through  H,  J,  L,  C,  E  to  F. 
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16. 


Cross  Feed, 


1  —  Cross-feed  handle. 

2  —  Operating  screw,  in  nut 
under  cross  slide. 

3  —  Bevel  pinion  feather-keyed 
toG. 

4  —  Bevel  gpar. 

.  5  —  Pinion  fast  to  4. 

6  —  Driving  gear. 

7  —  Pinion  fast  to  6. 

8  —  Gear     always     in     mesh 

with  7. 

9  —  Cro6&-feed  pinion. 

10  —  Knob  controlling  posi- 
tion of  8.  Hand  cross  feed  is 
obtained   by  rotating  handle   I,  \ 


Power  cross  feed  is  obtained  by 
meshing  8  with  9  by  means  of 
knob  10. 

17.  Lead  Screw  and  SflU  Nut. 

II  —  Lead  screw. 

III  —  Split  nut. 

IIP  —  Split  nut  bracket. 

IV  —  Lever   to   operate    split 

nut  in. 

V  and  V  —  Cams  closing  split 
nut IIL 

VI  —  Knob  to  disengage  E  and 
F  when  screw  cutting.  To  op- 
erate for  screw  cutting,  pull  out 
knob  VI,  throw  IV  downward, 
closing  split  nut  III. 


There  are  types  of  lathes,  where  a  splined  lead  screw  per- 
fornos  the  combined  duty  of  feed  shaft  and  lead  screw,  the 
worm  and  bevel  pinion  being  driven  directly  by  it. 

Attention.  —  Care  should  be  taken  not  to  have  both  long,  feed 
and  lead  screw  thrown  in  at  the  same  time.  Some  lathes 
are  fitted  with  devices  which  will  prevent  this. 

18.  Care  of  machines  and  small  tools.  —  When  through 
using  a  machine,  clean  it,  first  with  a  brush,  then  wipe  with 
cotton  waste. 

Wrenches,  handles,  bolts,  straps,  and  fixtures  should  be 
put  away  in  their  proper  places  so  that  they  may  be  found 
when  wanted.  All  tools  out  on  checks  should  be  returned 
to  the  tool  room  as  soon  as  possible. 

19.  Lathe  box  or  tray  for  tools  and  work.  —  Do  not  place 
tools,  work,  or  other  metallic  objects  on  the  ways  of  a  machine, 
as  they  would  scar  and  affect  their  truth.  A  wooden  box  or 
tray  should  be  supplied  for  the  tools  or  small  work.  It  may 
be  placed  on  the  ways  near  the  end  of  the  lathe.  See  Fig.  1. 
Large  work  should  be  placed  on  a  bench,  truck,  or  the  floor. 
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20-  Attachments  for  lathes.  —  Among  the  attanliments  for 
lathes  are  the  taper  attachment,  compound  rest,  steady  rest, 
follower  rest,  ami  attftthments  for  milling  and  grinding. 


Fio.  5. —  Emoine  l^THE  WITH  A  Ratid  Cuanqb-Okar  Hbcramisu. 

21.   Stops  for  duplicating  sizes.  —  In  addition  to  the  thread  - 
Rtop  some  lathes  are  equipped  with  long,  and  cross-feed  stops. 
After  the  first  piece  is  turned  or  threaded  to  size,  the  back 
stop  is  set  to  check  movement  of  cross  slide.     The  carriage 
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or  long,  stop  is  used  for  shoulders  and  lengths.     By  aid  of 
these  stops  a  number  of  pieces  can  be  duplicated. 

22.  Lathe  with  a  rapid  change-gear  mechanism  for 
threads  and  feeds.  —  Some  lathes,  as  in  Fig.  5,  are  equipped 
with  a  rapid  system  of  change  gears  by  which  different 
threads  or  feeds  are  obtained  quickly. 


Essential  Parts. 


A  —  Change  gears  in  cone  form, 
on  end  of  lead  screw. 

B  —  Handle  operating  change 
gears. 

X!  —  Compound  gears. 

D  —  Handle    operating    com- 
pound gears. 

B — Index  plate,  giving  posi- 


tions for  handles  B  and  D  to  cut 
a  desired  thread. 

F  —  Sector  to  carry  gear  for 
cutting  special  thread. 

G  —  Lever  to  reverse  carriage. 

H  and  K  —  Automatic  car- 
riage stops.  Carriage  stop  On- 
visible)  is  located  on  back  ways 
uiider  letter  L. 


23.  Cutting  a  screw  using  a  rapid  system  of  change 
gearsi  —  To  cut  a  screw  of  five  threads  per  inch,  find  5  on 
index  £  and  place  handle  B  in  notch  and  hole  under  it; 
place  handle  D  under  hole  3  on  compound  gear  box,  which 
is  indicated  in  the  third  column  on  the  same  line  as  5. 

For  threads  given  on  the  index,  no  change  of  gears  is  neces- 
sary. Gears  may  be  calculated  for  other  threads  and  applied 
as  on  the  ordinary  lathe.  The  feed  for  turning  is  four 
tim^  threads  per  inch  expressed   in  turns  per  inch  of  tool 

travel. 

21.  For  threading  short  screws  the  carriage  may  be  re- 
\'%rsed  by  moving  reversing  lever  G  up  or  down,  depending  oh 
whether  a  right  or  left  thread  is  being  cut;  or  the  automatic 
stops  H  and./C feay  be  used. 


'  ELECTRICALLY-DRIVEN  MACHINE  TOOLS 

26.  Arrangement  of  machine   tools  for  electric  drive.  — • 

They  may  be  group-driven  by  electricity  by  using  a  constant- 
speed  motor  to  drive  group  line  shaft,  or  individually  driven 
by  attaching  a  constant  or  variable-speed   motor   to   each 
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machine.  Constant-speed  motors  are  used  on  machines  that 
need  but  little  speed  variation,  or  oq  machines  that  have  a 
large  variety  of  mechanical  speed  changes. 

26.  Motor-driven   engine   tathe,    Fig.   6.    Variable  speed 
motor  A  gives  wide  speed  variation.     To  start  lathe,  close 


Fio.  6. —  Motok-Drivbu  Enoine  Lathe. 

switch  B  with  controller  handle  Con  the  "'off"  position  aa 
shown  at  C.  Move  controller  handle  C  clockwise  to  obtain 
desired  speed.     Throw  in  clutch  D  by  means  of  lever  E. 

To  reverse  motor  or  to  run  the  spindle  backward,  remove  bolt 
on  controller  and  turn  handle  in  opposite  direction. 

The  gear  headstock  consists  of  a  cone  of  gears  on  spindle  con- 
tiolleil  by  lever  F  and  back  gears,  giving  eight  spindle  speeds 
with  power  shaft  running  at  constant  speed.  Back  gear  drive 
is  controlled  by  positive  clutch  lever  G. 


TRUING  AND  ALINING  CENTERS 
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Thirty-six  different  threads  and  feeds  are  obtainable  by  means 
of  levers  H  and  J  in  gear  boxes  K  and  L,  respectively. 

TRUING  AND  ALINING  CENTERS 

27.  Center  gage  A,  Fig.  7,  is  used  for  defining  angles  of 
60^.  The  large  notch  is  used  for  testing  lathe  centers,  as  B; 
notches  C  and  D  for  testing  and  setting  outside  threading 


A 
I 


Ll'l'l'l'l'l'l'l 


•  •fi 


or  V 

14      THMAO 


ill  llllllll 


Fig.  7.  —  Testing  Angle  op  Lathe  Center 

tools,  and  E  for  inside  threading  tools.  At  F  is  a  table  of 
double  depths  of  Sharp  V  threads  for  determining  diameter 
of  tap  drills  by  subtracting  number  in  thousandths  opposite 
pitch  from  diameter  of  tap. 

28*  Requirements  for  successful  use  of  engine  lathes.  — 
Engine  lathes  should  be  accurate  enough  to  turn,  bore  and 
face  straight  and  true,  and  be  equij^ped  with  an  accurate 
lead  screw  for  screw  cutting. 

To  produce  accurate  work  requires  that  both  live  and 
dead  centers  should  be  true  and  in  accurate  alinement. 
Furthermore,  lathes*  wear,  causing  loss  of  alinement  and 
looseness  of  working  parts  that  must  be  detected  and  cor- 
rected. 

29.  Lathe  centers.  —  The  dead  center  is  hardened  and  tem* 
pered.    The  live  center  may  or  may  not  be  hardened. 

SO.  To  test  truth  of  live  center  of  any  lathe.  —  Move  foot* 
stock  until  dead  center  is  close  to  live  center^  run  lathe  at 
highest  speed,  look  for  error.  Move  lathe  tool  close  to  re- 
volving live  center  or  use  test  indicator. 


K 
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31.    To  true  engine-lafhe  cen- 
ters.    Figs.  8  and  9. 


ENGINE  I 

LATHE    I 

CENTER  * 


Fig.  8.  —  Locating  Center   in 
Headstock  Spindle. 


Fig.   9.  —  TRinNG   Enginb-Lathb 
Cknteb. 


SCHEDULE  OF  OPERATIONS 
Ldve  Center. 
Speed: — For  12"  to  16"  engine  lather  3d  speed,  back  gears  ovi. 


1.  Remove  center 

2.  Clean  hole  and  center  with 
waste. 

3.  Insert  center  with  lines 
coincident  A,  B,  Fig.  8. 

4.  Drive  center  lightly  with 
lead  hammer. 

5.  Start  lathe ;  if  still  out  of 
true,  use  center-truing  tool  A, 
Fig.  0.  BC  shows  cutting  edge, 
D  the  clearance. 

6.  Fasten  tool  lightly  at  height 
of  center. 


7.  Adjust  edge  to  fit  center. 

8.  Clamp  tool  tightly. 

9.  Run  lathe  at  moderate 
speed. 

10.  Operate  both  long,  and 
cross  feeds  slowly  by  hand. 

IL  Test  with  center  gage. 
Readjust  tool,  if  necessary,  until 
center  fits  gage. 

12.  Turn  point  E  at  a  more 
obtuse  angle.  Portion  F  may  be 
cut  away  in  advance  with  cutting- 
off  tool,  to  facilitate  truing  center. 


Attention.  —  Centers  may  be  trued  by  means  of  a  compound  rest. 
In  an  emergency  a  right  side  tool  may  be  used  back  of  the  center  and 
the  lathe  run  backward. 


TRUING  AND  ALINING  CENTERS 

SCHEDULE   OF  OPERATIONS  CondwJed 
Dead  Center. 


1.  Remove  center. 

2.  Anneal. 

3.  Insert  in  live  spindle. 

4.  Tmesinularly tolivecenter. 

5.  Run  lathe  at  high  speed. 


6.  File  center  with  8'  mill  file. 

7.  Polish  slightly  with    fine 
emery  cloth  held  under  file. 

8.  Reharden. 

9.  Temper  to  light  straw  color. 


32.  To  grind  hardened  and  satt  lathe  centers,  Fig.  10. 


Fia.  10.  —  Tbuino  Centkr  with  Elxctric  Centbr  Grinder. 


SCHEDULE  OF  OPERATIONS 


1.  Mount  center  grinder  A, 
Fig.  10,  in  footstock  spindle  B. 

One  end  of  shank  or  arbor  C, 
fits  taper  hole  in  spindle  B,  and 
the  other  end  hte  hole  in  grinder 
A.  Clean  center  and  spindle  be- 
foie  ineertii^. 

2.  Start  lathe,  3d  or  4th  speed. 

3.  Connect  electric  cable  D  to 
a  socket,  and  start  grinder. 

4.  Feed  revolving  grinding 
wheel  E  with  footstock  handle  F 
to  lightly  touch  revolving  lathe 
center  G.     Then  grind  by  taking 


light  cuts,  moving  grinding  wheel 
slowly  back  and  forth  along  center 
by  rotating  handle  H. 

AUerUion.  —  When  necessary  to 
grind  both  centers,  grind  dead 
center  first,  this  leaves  live  center 
true  to  axis  of  rotation. 

Warning.  —  Both  wheel  and 
center  must  revolve  in  same  di- 
rection. 

Information.  —  Electric  center 
grinders  are  obtainable  for  direct 
(D.  C),  alternating  (A.  C),  or 
for  either  (universal)  currents. 


116 


ADVANCED  MACHINE  WORK 


38.  To  set  dead  center  in  alinement  to  turn  straight.    FigB. 
11  and  12.  engine  lathe 

FOOTSTOCK 


Fio.  11.  —  SrrnNQ  Dead  Center  in  Aunbment.    Approximate 

Methods. 

SCHEDULE  OF  OPERATIONS 


34. 


Two  Approximate  Methods, 


I.  Unclamp  footstock,  fig.  11, 
and  move  upper  part  A  upon  B  by 
screws  C  and  C  (C  not  shown) 
until  ssero  lines  at  D  coincide. 


n.  Move  footstock  until  dead 
center  is  close  to  live  center,  ad- 
just screws  C  and  C,  and  aline 
centers  by  aght. 


35.  Accurate  Method. 

Material,  use  piece  that  you  are  working  od  after  it  is  rougb-tumed  ■^"  to  i*^" 

large,  or  trial  piece  the  same  length. 


1. 


2. 


3. 


Set  dead  center  by  Approxi- 
mate Method,  No.  I  or  No.  II. 

Mount  work  on  centers,  Fig. 
12. 

Take  short  light  cut  as  shown 
at  A,  Fig.  12.  .002"  to  .003" 
in  diameter,  estimated,  or  use 
dial  on  cross-feed  handle. 


4. 
5. 


6. 

7. 

S. 
9. 


Take  work  off  center. 

Run  carriage  back  near  dead 
center  without  moving  croas- 
feed  handle. 

Remount  work. 

Take  short  light  cut  as  shown 
dotted  at  B. 

Measure  A  and  B  with  mi- 
crometer. 

If  not  alike,  adjust  foot-stock 
and  repeat  operations. 


Engine  lathe,  12"  to 

16". 
3dspeed,or50F.P.M. 
Fine  power  feed — 140 

to  1". 


Dog,  copper  under  set 
screw. 

For  cast  iron  or  brass, 
round-nose  tool. 

For  steel  or  wrought 
iron,  diamond-point 
tool  or  holder  and 
cutter  35**  rake. 


Microtneter. 


CENTER  HOLES 
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Attention.  —  In  setting  the  lathe  for  straight  turning  or  fitting,  the 
diameter  at  A,  Fig.  12,  must  be  either  equal  to  B  or  a  fraction  of  a 
thousandth  of  an  inch  larger  than  B.  If  A  is  larger  than  B,  the  error 
can  be  corrected  by  filing;  if  smaller,  the  error  can  not  be  corrected 
and  the  work  is  spoiled. 

While  it  is  best  to  have  a  lathe  set  straight,  an  error  of  a  thousandth 
of  an  inch  either  way  is  permissible  on  such  work  as  tummg  pulleys, 
fianges,  and  goar  blanks. 

Note,  — A  test  indicator  and  parallel  mandrel,  preferably  of  the 
length  of  the  work  to  be  turned,  may  also  be  used  to  set  a  lathe  to 
turn  straight.     See  Test  Indicators,  pp.  12lO-12l3. 


Nai. 


uai. 


Fig.  12.  —  Accurate  Method  of  Setting  Dead  Center  in 
aunement  for  different  kinds  of  work. 


CENTER  HOLES 

36.  Center  ly>les  are  made  in  the  ends  of  material  (stock)  to 
fit  lathe  centers  by  locating  and  drilling  small  holes,  then 
counter-sinking  with  a  60*^  countersink,  A  and  B,  Fig.  13. 

The  countersink  should  be  large  enough  to  provide  ample 
bearing  to  prevent  excessive  wear,  and  should  be  in  propor- 
tion to  the  diameter  of  work. 

The  drilled  hole  must  be  deeper  than  countersink  to  pro- 
vide a  reservoir  for  oil  and  to  prevent  lathe  centers  from 
bottoming,  as  at  C,  Rg.  14,  as  this  would  injure  centers  and 
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cause  work  to  run  out  of  true.  Center  holes  must  be  wiped 
clean  before  mounting  on  centers.  Chips  in  center  holes  £>, 
Fig.  16,  will  spoil  both  work  and  center. 


Fio.  13.  —  Stock  Correctly  Centered  and  Properly  Mounted  on 

Lathe  Centers. 


VERY  BADLY 
CENTERCD 


CHIPS  IN 
NTER  HOLE. 
VERY  BAD 


Fig.  14.  —  Incorrect 
Centering. 


Fig.  15.  —  Stock  Carelessly 
Mounted  on  Centers. 


37-  To  drive  the  work,  dog  E^  Fig.  13,  is  fastened  to  work 
by  screw  F,  and  tail  G  must  be  loose  in  face-plate  slot  H, 


CENTER  HOLES 


lid 


38.  Table  of  center-hole  dimensions.  Fig.  16.  — These 
center-hole  dimensions  provide  good  bearings  for  ordinary 
lathe  work  to  resist  tool  pressure. 


PLAN  TO  HAVE  THE  OCNTCA  AOLCt 

THE  OIVCN  OiMCNtiONt  A 

WHEN  WORK  It  FINISHED  TO  EXACT  LENGTH 


•MOW* 


Fig.  16. 


Diameter  op 

8HAVT. 


Diameter 
of  counter- 
SINKS. 


Drill  hizk. 


NEAREST 

64th. 


Qaob  No.* 


D^pth  of 

HOLE   — 


D. 


r 

i 

i 

I* 


AUeTdian.  —  If  drill  and  countersink  are  within  one  size  they 
will  answer. 

•  Twkt  drill  and  gtael  wire  gaice.    See  Principle  of  Madiins  W.rk 


120  ADVANCED  MACHINE  WORK 

39.  Countersinks  or  center  reamers.  Figs.  17,  18,  are 
made  to  an  angle  of  60®.  They  may  be  made  any  desired 
diameter  and  with  straight  shanks,  as  shown,  to  be  held  in 
a  chuck,  or  with  taper  shanks  to  be  inserted  in  taper  collet 
or  machine  spindle.  They  may  have  several  cutting  lips  as 
in  Fig.  17,  or  but  a  single  cutting  lip  as  in  Fig.  18. 


( — ^ —  />^       f 


60* 

00UNTER9IMC 


Fig.  17.  Fig.  18. 

CotTNTERSINKS   FOR   LaTHE   WoRK. 


B  OOMSINATION 

fia):::3}  '*^^ 

COUNTERSmK 


Fig.  19.  —  Combined  Drill  and  Countersink. 


Combination  center  drill  and  countersink,  Fig.  19,  pro- 
duces a  countersink  central  with  drilled  hole.  At  end  A 
drill  and  countersink  are  one  piece,  while  at  end  B  a  hole  is 
made  in  countersink  and  a  center  drill  inserted  and  held  by  a 
set  screw. 


c 


COMBINATION 
CENTER  DRILL 

AND  NT 
COUNTERSINK 


Fig.  20.  —  Combined  Drill,  Countersink,  and  Counterbore. 

Fig.  20  shows  a  combination  center  drill  and  countersink 
of  the  solid  type  as  at  end  A,  Fig.  19,  and  in  addition  a  coun- 
terboring  lip  as  at  C  for  rounding  the  corners  of  the  counter- 
sink. Combination  cuuntersinks  of  this  type  are  used  for  cen- 
tering mandrels,  milling  machine  arbors  and  any  other  work 
that  is  mounted  and  remounted  on  centers  frequently.  Their 
use  also  facilitates  the  squaring  of  work. 


METHODS  OF  CENTERING  WORK 
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40.   Hand  method  of  finding  the  canter,  drilling  and  coun- 
tersinking,    figs.  21,  22,  23,  24,  25,  26. 


OIVIOER 
CALIPCftS 

—  C 


Fig.  22.  —  Diagram  or  Approzi- 
MATB  Cbmtbr. 


Fig.  21.  —  Locating  Center 
OP  Stock  with  Divider 
Caupebs. 


Fig.  23.  —  Center  Punching. 


SCHEDULE   OF   OPERATIONS 


L  Grip  stock  ii.  Fig.  21, 
in  vise  B.  Smooth  ends  with  file 
and  rub  chalk  on  ends. 

IL  Describe  arcs  with 
divider  calipers  C  (shoulder  C 
placed  on  edge  of  stock)  from 
four  points  with  radius  equal  to 
about  one-half  diameter,  as  at 
Fig.  22. 

III.    Locate  center  D,  Hgs. 


22,  23,  by  eye  with  center  punch 
E,  Fig.  23.  Steady  with  finger  F 
and  strike  with  hammer  as 
shown. 

ly.  Mount  on  bench  or 
lathe  centers,  revolve  and  test  its 
truth  with  chalk  near  each  end. 
If  too  much  out  of  true,  set  over 
center  punch  mark  as  at  0,  Fig.  24. 
Repeat  if  necessary. 
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Fig.  24.  —  Setting  Over  Punch  Mark. 


SCHEDULE   OF   OPERATIONS  Concluded 


V.  Enlarge  center  punch 
marks  with  heavier  blows  before 
drilling. 

VI.  Use  speed  lathe,  3d  or  4th 
speed.  Place  drill  A  in  drill 
chuck  B,  Fig.  25,  and  one  end  of 
stock  C  on  dead  center.  Support 
with  hand;  start  lathe,  and  drill 
one  end,  reverse  work  and  drill 
the  other  end. 

Attention. — Withdraw  work  oc- 


casionally to  let  out  chips,  and 
oil  into  hole.  Drill  cast  iron  or 
brass  dry;  on  steel  or  wrought 
iron,  use  oil. 

VII.  2d  or  3d  speed.  Place 
counterfflnk  D  in  drill  chuck  E, 
Fig.  26,  hold  stock  F  as  before, 
start  lathe  and  counterank  one 
end  to  deared  size,  reverse  work 
and  counterdnk  the  other  end. 


«TO0R  O 


Fig.  25.  —  Center  Drilling,  Hand  Method. 


eCMTU 


<I 


Fig.  26.    Countersinking,  Hand  Method. 

41.  To  remove   or  anneal  broken  center  drill.  —  If  the 

n  piece  of  drill  does  not  drop  out  of  hole  with  the  aid  of 
a  scratch  awl,  strike  stock  T^dth  hammer;  if  it  still  remains, 
the  work  must  be  annealed,  and  the  hole  redrilled. 


CENTERING  MACmNE 
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42.  Machine  method  of  finding  the  center,  drilling  and 
countersinking. — In  Fig.  27  is  a  centering  machine  used  to  drill 
and  countersink  center  holes  accurately  in  shafts  of  any  length. 


Fia.  27.  —  Center  Driluno  ^lnd  CouNTBRSiNKiNa,  Machine  Method. 

CENTERING  MACHINE  SCHEDULE  OF   PARTS  AND 

OPERATIONS 


A  —  Bed  bolted  to  floor. 

K  —  Gear   mechanism   which 

B  and  B'  —  Universal  chuck 

drives    E    and    F    at    different 

and  operating  lever. 

speeds. 

C  —  Shows  manner  of  holding 

L  —  Handle    operating    both 

stock  to  be  centered. 

spindles. 

D  and  ly  —  Supports. 

M — Ball  lever  for  tipping  head 

E  —  Drill  spindle. 

to  bring  either  spindle  into  aline- 

F  —  Countermnk  spindle. 

ment  with  stock. 

G  —  Center  drill. 

N  —  Stock  or  work  stop  for 

H  —  Countersink. 

uniform  drilling. 

/  —  Driving  belt. 

0  —  Oil  tank. 
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Warning.  —  The  end  of  stock  must  be  filed  approximately 
flat  and  the  drill  started  slowly  or  the  drill  will  be  liable  to  break, 

43.  Straightening  shafting,  rods,  and  bolts.  —  As  soon  it$ 
stock  is  centered,  it  b  mounted  on  centers  and  revolved  bj- 
hand  and  its  eccentricity  tested  with  chalk.  If  it  is  shoti 
or  rigid,  it  may  have  to  be  straightened  with  a  hammer  on 
the  anvil;  but  if  slender,  it  may  be  straightened  on  lathe 
centers  or  with  straightening  press. 

44.  To  test  and  straighten  centered  shafts  in  a  lathe.— 
Unturned  work  that  is  centered  is  tested  by  rotating  it  in  lathe 
and  marking  with  chalk.  For  finished  work,  use  copper  tool 
held  in  tool  post  or  a  test  indicator  shown  at  A,  Fig.  28. 


Fia.  28. — Testinq  AHD-SrBjiioHTSNiKa  Shatt  in  Lathb.  | 

Shank  B  is  held  in  tool  post;  the  cross  slide  is  fed  inward 
until  feeler  C  touches  revolving  shaft  D,  when  pmnter  E  will 
indicate  error  in  thousandths  cS  an  inch.  With  piece  F  for 
fulcrum  and  bar  G,  the  shaft  is  straightened.    Sometimes  it 


Fio.  29.  —  STBAiGHTENiNa  Shaft  WITH  Straiohtknino  Press. 


CUTTING  TOOLS  l25 

is  necessary  to  peen  shaft  by  a  few  light  blows  of  hammer 
on  upper  side,  struck  while  shaft  is  pressed  upward. 

46.  Stxaightening  press.  Fig.  29. — If  shaft  A  is  centered,  it 
is  tested  by  mounting  on  centers  B  and  B^;  if  not  centered,  it 
is  tested  by  sighting  along  its  length  and  marking  with  chalk 
or  metal  workers'  crayon  (soapstone).  It  is  placed  on  sup- 
ports C  and  C  with  its  high  side  under  screw  D  and  pres- 
sure is  applied  with  screw  D  and  lever  E. 

CUTTING  TOOLS 

46.  All  cutting  tools  may  be  considered  primarily  as 
wedges  driven  into  the  material  to  separate  it.  A  thin- 
edge  tool  cuts  more  easily,  because  it  generates  less  friction, 
distorts  the  chips  less  and  ^ves  a  greater  freedom  to  their 
removal.  The  edge  must  be  thick  enough  to  carry  a  heavy 
ci^t  at  a  suitable  speed,  and  have  a  point  of  sufficient  width 
to  stand  the  heat  generated  by  friction.  Excessive  heat 
will  soon  destroy  the  point  of  the  tool.  This  limits  the 
cutting  speeds.  A  portion  of  the  heat  is  conducted  away 
through  the  work  to  the  air  and  from  point  of  tool  to  body 
and  to  air  by  direct  radiation,  and  on  tenacious  metal  by 
the  lubricant.    See  Lubricants  for  Cutting  Tools,  pp.  14S-159. 

47.  Rake,  clearancei  and  cutting  angle  defined.  —  Rake  is 
applied  to  angle  of  upper  surface  and  clearance  to  angle  of 
lower  surface.  The  angle  included  between  these  surfaces 
is  the   cutting  angle,  or  angle  of  b-^---     ^ 

keenness.  ■  "^"^  '*^!^^Scl^''^/^'^\ 

48-   Front  rake,  end  clearance,  ^^"^!w,no  J 

and  cutting  angle.  —  Fig.  30  is  a  *"«"lj 

side   view  of   a  square-nose   tool    p, ^J 

partially  cut  by  a  plane  giving  a  e  fli   " 

section  CAE.    Through  point  A  olJimnoi 

lines  AB  and  AD  are  drawn  par-  Fig.  30.  — Diagram  of  Front 
allel  and  perpendicular  to  the  base      R^^»  Clearance,  and  Cut- 
line    FG.     The   front-rake    angle      ™Q  Angle. 
is  BACf  positive  when  below  and  negative  when  above  AB. 
The  end-clearance  angle  is  EAD,    The  cutting  angle  is  CAE- 
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810C    RAKC 


SIOC 
CLGAIIANOC 


49.  Side  rake,  side  clearance,  and  cutting  angle.  —  Fig.  31 
is  an  end  view  of  a  right-side  tool  partially  cut  by  a  plane, 

giving  section  K  HM.  Through  point 
H  lines  HJ  and  HL  are  drawn  par- 
allel and  perpendicular  to  the  base  of 
tool  NO,  The  side-rake  angle  is 
J  H  K,  The  side-clearance  angle 
M  HL.  The  cutting  angle  is  K  HM. 
60.  The  keenness  of  a  cutting  edge 
is  incpeflged  or  decreased  by  increas- 
FiQ.  31.— Diagram  OF  Side  ing    or    decreasing    the    rake    angle, 

Rake^  Side  Clearance,  Cast   iron   may    be    cut   successfully 
AND  Cutting  Angle.  .  .  ^^.  ,         ,    .  ^j; 

With  a  cutting    an^e   of   from    60° 

to  75°  ;  steel  and  wrought  iron,  with  a  cutting  angle  of  from 

40''  to  50°.     See  Brass  Finishing,  pp.  633-637. 

61.  Front  and  side  rake  combined.  -^  For  clearness  the 
front  rake  and  side  rake  are  shown  on  separate  tools,  but  some 
turning  tools  will  cut  more  effectively  if  the  top  face  is  given 
a  combination  front  and  side  rake  in  varying  degrees  to  suit 
the  nature  of  the  work,  as  the  diamond-point  tool,  Fig.  44. 

62.  "  Rough  square  "  and  "  rough  turn.*' — Terms  used  to 
name  the  operations  of  removing  the  surplus  material  from  a 
piece  of  metal  by  one  or  more  roughing  cuts  preparatory  to 
finishing. 

63.  "  Finish  square  "  and  "  finish  turn."  —  Terms  used  to 
name  the  final  finishing  cuts  which  reduce  any  piece  of  metal  to 
required  size. 

LATHE  TOOLS  FOR  CAST  IRON 

64.  Lathe  tools  are  made  of  carbon  steel  and  high-speed 
steel.  See  Holders  and  Cutters,  pp.  3o&-309,  3X2,  3X4  and 
Principles  of  Machine  Work. 

66.  A  chart  of  forged  lathe  tools  is  shown  in  Fig.  32.  For 
10"  to  12"  lathes,  they  are  ftiade  f "  X  I"  in  section  and  7"  in 
length;  for  14"  to  16"  lathes,  ^"Xl"  section,  9"  in  length. 
Other  sizes  in  proportion.  After  being  forged  it  is  best  to  file 
them  to  proper  shape  before  they  are  hardened. 
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66.  Right  and  left  tools.  —  A  right  tool  cuts  from  right  to 
left  and  a  left  tool  from  left  to  right.  Tools  are  understood 
to  be  right  unless  otherwise  designated. 

67.  The  angles  of  lathe  cutting  tools.  —  In  order  to  select 
the  proper  tool  and  prepare  the  correct  cutting  angle,  the 
student  should  consider  the  kind  and,  if  possible,  the  hard- 
ness of  the  metal  and  whether  for  taking  a  roughing  or  finish- 
ing cut.  If  the  metal  is  very  hard,  the  tool  must  be  ground 
to  a  less  acute  cutting  angle,  the  cutting  speed  reduced, 
or  both. 

68.  Height  of  tool  and  tool  block.  —  Various  devices  are 
used  to  regulate  the  height  of  the  point  of  the  tool.     On 


Fia.  33.  —  Setting  Tool  Height  op  Centers  —  Plain  Rb^t, 


small  lathes  the  rise  and  fall  rest  operated  by  an  elevat- 
ing screw  is  perhaps  the  most  common.  Fig.  33  shows 
a  plain  rest.  The  point  of  tool  A  is  adjusted  in  tool  post 
B  to  height  of  dead  center  C  by  a  tilting  action  of  circular 
wedge  D  in  concave  washer  E  and  the  shank  clamped  by 
screw  0. 


Lathe  toom  for  cast  iron 
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ROUND  NOtC 
TOOL 


c  o 

Fia.  34. —  RoxjND-NosE  Tool 
FOR  Cast  Iron. 


69.  Round-nose  tool.  —  Fig.  34  shows  a  small  round-nose 
tool  used  for  roughing  and  finishing  cast  iron  or  brass.  Face 
A  has  no  rake,  but  the  sides  have 
10^  clearance.  The  point  is  about 
1^  thick.  B  is  the  cutting  edge  and 
CBD  the  clearance  angle.  Too  little 
clearance  will  cause  the  tool  to  ride 
on  the  work  and  too  much  will 
weaken  the  cutting  edge.  When  dull, 
grind  end  B  and  a  little  on  top  A. 

60.  To  square  with  round-nose  tool. ' —  The  scale  or  skin  on 
cast  iron  is  very  hard,  and  the  round-nose  tool  is  used  to 
rough  square  ends  and  remove  surplus  stock,  as  in  Fig.  35. 
Cast  iron  is  machined  dry.  See  Lubricants  for  Cutting 
Tools,  pp.  148-150. 

The  work  is  mounted  on  centers  and  the  lathe  run  at 
proper  speed;  arrow  1  shows  direction  of  rotation  and  arrow  2 
direction  of  cut.  The  long,  feed  handle  is  held  firmly  with 
one  hand,  while  the  tool  is  fed  with  the  other  operating  the 
cross-feed  handle. 
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hound  nose 
tool- 


Fig.  35.  —  Rough  Squaring 
Cast  Iron. 


Fig.  36.  —  Rough  Turning 
Cast  Iron. 


61.  To  turn  with  round-nose  tool.  —  For  light  rough  turn- 
ing on  small  diameters  and  for  finish  turning  with  fine  feed,  a 
round-nose  tool  may  be  used  to  advantage  on  cast  iron,  as  in 
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Fig.  36.  Arrow  3  shows  direction  of  rotation  of  work  and 
arrow  4  direction  of  cut.  It  is  sometimes  necessary  to  slant 
the  tool  to  the  left  to  turn  close  to  a  shoulder  or  dog,  but  the 
tool  must  be  clamped  extra  firm  or  it  may  draw  into  the  work 
and  turn  the  diameter  too  small. 

In  Fig.  37  is  shown  a  large  round-nose  tool  for  turning  or 
facing  large  work.  It  is  ground  to  shape  from  the  bar  and 
given  side  rake  as  at  A,  to  give  freedom  to  removal  of  chips. 


Fia.  37.  — Tool  for  Heavy 
Cuts,  Rough  Squaring 
OR  Turning  Cast  Iron. 


TOP  VIEW 
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END    VIEW 


Fig.  38.  —  Side  Tool  for  Squajunq 
Cast  Iron. 


62.  Side  tool.  —  For  squaring  or  facing  the  ends  of  shafts, 
shoulders,  etc  ,  a  right-side  tool.  Fig.  38,  is  used.  The  too! 
has  end  clearance  5,  15°;  side  clearance  C,  10°;  and  side 
rake  D,  15°.  The  angle  E  for  point  F  is  60°  It  is  forged 
hollow  at  (r,  to  facilitate  grinding.  Grinding  is  done  on  top 
A  and  end  B  with  a  little  on  side  C.  Cutting  edge  HI  should 
be  kept  horizontal. 

Fig.  39  shows  a  right-side  tool  suitable  for  heavy  work. 


t 
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Fig.  39.  —  Side  Tool  for  Hbavt  Cuts,  Squaring  Cast  Iron. 
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63.  To  square  an  end  with  side  tool.  —  A  side  tool  is  set  at 
the  height  of  the  center,  as  in  Fig.  40.  On  diameters  not 
larger  than  f '%  edge  AB  is  set  at  right  angles  to  the  axis  of 
work,  so  as  to  square  the  whole  end  at  one  cut.  For  large 
diameters  the  point  should  "  drag  "  a  little,  as  at  A,  Fig.  41, 
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Fio.  40-  —  Side  Tool  Set  Height  of       Fig.  41.  —  Finish  bquarino 

Centers.  Cast  Iron. 

for  both  roughing  and  finishing  cuts.  The  point  A  being 
slightly  the  deepest,  the  tool  when  carried  from  center  to  cir- 
cumference will  produce  a  Smooth  surface,  provided  the  tool  is 
properly  hardened,  tempered,  and  ground,  and  the  speed  and 
feed  are  correct.  For  some  purposes,  especially  in  squaring 
compositions  of  brass,  a  side  tool  is  fed  inward. 

64.  To  remove  burr  around  countersink.  -^  To  remove  the 
burr  that  remains  around  the  countersink  after  taking  the 
finishing  cut,  feed  the  point  of  tool  up  to  surface  of  work  and 
close  to  dead  center;  then  unclamp  binder  and  relieve  dead 
center  slightly  with  right  hand  and  at  same  moment  slightly 
feed  tool  inward  with  left  hand,  which  will  remove  burr;  then 
simultaneously  feed  tool  outward  and  dead  center  back  in 
place. 

66.  Grooved  dead  center  for  squaring.  —  The  extra  opera- 
tion of  removing  burr  around  countersink  when  squaring 
may  be  avoided  and  time  saved  by  using  a  grooved  dead 
center  A,  Fig.  42.  As  point  of  tool  B  may  be  started  or 
terminated  in  groove,  no  burr  remains. 
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66.  To  square  a  shoulder  with  side  tooL  —  To  turn  &  portion 
of  &  piece  of  stock  and  square  the  shoulder,  as  in  Clg.  43,  ifii 
marked  as  at  A,  then  the  cut  taken  to  B,  and  the  shoulder 
squared  to  mark  A.    The  «de  tool  is  fed  inward  to  touch  the 


Fia.  42.  —  Grootbd  Dead  Center 
FOB  SQCAHina. 

stock.  A  moderately  fast  speed  is  used  and  the  long,  feed  is 
fed  slowly  with  one  hand,  while  the  cross  feed  is  held  firmly 
with  the  other;  when  the  cut  b  carried  far  enough,  the  long. 
feed  is  held  firmly  and  the  cross  feed  fed  outward. 


Fia.  44.  —  DuMoHD-PotNT  Tool  foe  Cast  Iboh. 


67.  Right  diamood-point  tool.  —  FHg.  44  shows   a    right 
diamond-point  tool,     A  is  the  top  face,  which  is  ^ven  a  com- 
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bination  front  and  side  rake,  as  indicated  by  arrows  B  and  C. 
Side  clearance  EF  is  10^,  but  for  a  very  coarse  feed  should  be 
more. 

Cast  iron  of  small  diameter  may  be  turned  by  tools  without 
rake,  but  for  large  diameters  and  heavy  cuts  a  combination 
side  and  front  rake  of  about  15^  is  effective.  The  cutting  is 
done  by  edge  OH  and  point  /,  which  should  be  rounded,  as 
shown  enlarged  at  F,  to  strengthen  it  and  produce  a  smoother 
cut.  The  tool  is  ground  on  the  top  face  A,  and  if  necessary, 
a  little  on  the  side  faces. 

68.  Height  of  lathe  turning  tools  in  relation  to  axis  of  work. — 
The  point 'of  taper  turning  and  threading  tools  must  be  set  at 


POINT  OF  TOOL 
HEIQHT  OF  CENTER 
dOOD 


Fig.  45.  —  DiAMoin>-PoiNT  Tool  Set  Height  of  Centers.    Good. 

height  of  center,  as  at  FG,  Fig.  45.     The  student  may  apply 
this  rule  at  all  times  and  obtain  good  results. 

69.  Evil  effects  of  setting  a  tool  too  low  or  too  high.  —  A 
tool  point  set  below  the  center  FG,  as  exaggerated  in  Fig.  46, 
increases  the  clearance  and  decreases  front  rake,  will  not  cut 


POINT  OF  TOOL 
TOO  LOW 


Fig.  46.  —  Diamond-point  Tool 
Set  Below  Centers.    Bad. 


POINT  OF  TOOL 
TOO  HIGH 
VERY  BAD 


Fia.  47.  —  Diamond-point  Tool 
Set  Above  Centbbs.    Bad. 


properly,  and  will  dull  quickly.  A  tool  point  too  high  above 
center  FG,  exaggerated  in  Fig.  47,  reduces  the  clearance,  will 
ride  on  the  work  and  soon  destroy  itself  by  friction. 
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70.  Theoretical  height  of  turning  tools  for  straight  work.  -- 

In  Fig.  48  is  shown  the  theoretically  correct  height  to  set 
the  point  of  a  tool,  which  increases  its  keenness  and  gives  the 
greatest  support  to  its  cutting  edge.  This  height  is  at  the 
tangent  point  A  of  line  BC,  and  is  located  by  drawing  line  DE 
through  center  of  work  at  90°  to  line  BC,  As  this  ^ves  no 
clearance,  the  tool  in  practice  is  set  slightly  below  this  point. 
After  a  little  training,  one  is  able  to  set  the  tool  point  ai 
the  most  suitable  height  in  relation  to  center  FG  for  any 
diameter  of  work. 
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FiQ.  48.  —  Diamond-point  Tool   Set       Fig.  49. — Rough  Turnwo 
Theoretical  Height.    Good.  Cast  Iron,  Coabsb  Fkid. 

71.  Rough  turning  cast  iron.  —  Fig.  49  shows  a  diamond- 
point  tool  taking  a  roughing  cut  by  power  long,  feed  on  a 
cast-iron  piece  mounted  on  centers  in  an  engine  lathe.  Tbe 
chips  from  cast  iron  break  off  in  small  fragments. 


"-^•J'^,^? 


Fig.  50.  —  Finish  Turning  Fig.  61. — Finish  Turniko 

Cast  Iron,  FpjB  Feed.  Cast  Iron,  Fine  Feed. 

72.     To  finish  turn  cast  iron. —  Fig.  50  shows   diamond- 
point  and  Fig.  51  round-nose  tool  taking  finishing  cuts  (i*^") 
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with  fine  feed.  Fig.  52  shows  small  square-nose  tool  and  Fig. 
53,  large  square-nose  tool  taking  finishing  cuts  (.010^)  with 
coarse  feeds. 


piNiSHma  cur 


^fJU 


A  B 

Yia,  52, —  Finish  Turning  Cast 
laoN,  Medium  Feed. 


B  C 

Fia.  63. — Finish  Turning  Cast 
Iron,  Coarse  Feed. 


GRINDING  LATHE  TOOLS 
73.  To  grind  round-nose  tool.  —  Hold  at  a  suitable  incli- 
nation to  give  clearance,  and  first  grind  the  front  round  by 


Fia.  64.  —  Grinding  Front  op  Round-nose  Tool. 

sweeping  shank  of  tool  in  an  arc  of  circle,  rotating  on  heel, 
Hg.  64.    Then  grind  top  as  in  Figs.  55  or  56. 

Faming.— Heavy  pressure  when  grinding  on  a  dry  wheel 
or  when  the  water  supply  is  insuflicienti  will  be  liable  to  draw 
the  temper  and  destroy  the  tool. 
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Attention.  —  For  Wet  Tool  Grinders  and  Grindstones,  aec 
Principles  of  Machine  Work. 


Fig.  55.  —  Grinding  Top  of  Round-nosb  Toou 


Fia.  56.  —  Grindinq  Top  of  Round-nosb  Tool  on  Grind8ix>nb. 


Fig.  57.  —  Grinding  Point  of  Side  Toou 
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74.  To  grind  right  or  left  side  tool.  —  First  hold  tool  to 
give  clearance  and  angle  of  pointi  and  grind  point,  Fig.  57. 
Second,  hold  blade  at  inclination  to  give  necessary  side  rake 
and  grind  top  face,  Hg.  58.     Apply  pressure  and  steady  with 


FiQ.  58.  —  GaiNDiNQ  Top  of  Sidb  Toou 


Fig.  59.  —  Grinding  Side  Face  of  Side  Tool. 


left   hand.    Third,  grind  side  face,   Fig.   59.    Steady,  and 
apply  pressure  with  right  hand. 
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76.  To  grind  right  or  left  diamond-point  tool.  Fig.  60.  — 
Grind  top  face,  applying  pressure  with  left  hand.  Then  hold 
at  angle  to  give  clearance  (same  for  all  metals).  Steady,  and 
apply   pressure  with  right  hand:  grind  one  side,   Fig.  61; 


Fig.  60.  —  Grinding  Top  of  Diamond-Point  Tool. 


Fig.  61.  —  Grinding  Side  Face  or  Diamond-Point  Tool. 


change  hands  and  grind  other  side.     Round  point  same  as 
point  of  round-nose  tool,  Fig.  54. 

76.  To  grind  cutting-off  or  a  Square-thread  tool.  —  First 
file  to  shape  and  width,  with  proper  clearance  on  sides  and 
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end,  harden   and  temper.     Then  grind  on  end  and  top  face 
only.      Grind    end    il    as   in    Fig.    62.     Steady,   and    apply 


Fia.  62.  —  Orindinq  End  of  Squars-thread  or  Cuttino-off  Tooi*. 


Fio.  63-  —  Grinding  Top  of  Square-thread  or  Cuttinq-off  Tool. 


Fio.  64.  —  Grindimq  Top  of  Square-thread  or  CurnNo-oFF  Tool  on 

Grindstone. 


pressure  with  left  hand.     Fig.  63,  B,  and  Fig.  64,  C,  show  two 
methods  of  grinding  top  face  of  any  tool  of  this  class. 


140 


ADVANCED  MACHINE  WORK 


77.  To  grind  United  States  Standard  or  Sharp  V-threadiDg 
tool  to  fit  a  gage.  —  File  tool  to  shape,  harden  and  temper. 
To  grind  U.  S.  S.  tool,  first  grind  one  bevel,  as  at  A,  Fig.  65. 
Cleui  gage  and  tool  and  test  angle,  as  at  B.    Grind  second  bevel 


Fio.  65. — Grivdinq  U.  S,  3.    and  Sharp  V  Thread  Tools. 
to  fit  60°-gage,  as  at  B,  and  grind  point  to  fit  proper  notch  in 
U.  S.  S.  gage,  as  at  C.     See  p.  326.     Grind  top  face. 
If  grinding  V  thread  tool,  grind  to  fit  gage,  as  at  D.     See  pp. 


Fia.  66.  —  Grinding  Hiqh-speed  Steel  Cititer  on  a  Wst 
Tool  Grinder. 

78.  To  grind  a  carbon  or  High-speed  steel  removable  cutter, 
clamp  cutter  in  tool  holder,  as  in  Fig.  66,  and  grind  princi- 
pally on  end  and  a  little  on  top  for  rake.  For  other  purposea, 
grind  cutters  similariy  to  forged  tools. 

Warning. — To  avoid  ruining  holder  by  grinding  into  it  when 
aharpening  cutter,  move  cutter  furtlier  out  of  holder,  or  use  special 
cast-iron  grinding  holder  as  shown  at  A,  fig.  66, 
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79.   To  grind  boring  tool  A,  Fig.  67,  use  corner  of  wheel  to 
grind  rske  B  and.  face  of  wheel  to  grind  point  &nd  clearance. 


Fig.  67.  —  GaiNsma  BoRrao  Tooi. 
80.  TTniversal  tool  grinder.  —  Machine  method  of  grinding 
lathe  and  planer  toob,  and  duplicating  angles. 


Fio.  68.  — Dttplicatmo  Akoleb  of  Lathe  and  Plakkr  Tools, 

fig.  68  shows  how  to  grind  rake  of  a  right  diamond-point 
tooL  Clamp  diamond-point  A  in  holder  B.  Set  three  grad- 
uated circles,  C,  D,  and  E,  to  readings  obtained  from  chart 
'(chart  furnished  with  machine),  or  obtain  setting  by  trial- 


142  ADVANCED  MACHINE  WORK 

Move  tool  to  radial  face  of  cup-ahaped  emery  wheel  F  wit 
hand  wheel  G.  Carry  tool  back  aad  forth  across  wheel  wH 
lever  ff.     Water  is  supplied  from  pipe  J. 

A  fourth  graduated  circle  on  rear  of  tool  holder,  as  show 
in  detful  at  K,  \a  used  in  grinding  bent  tools. 


Fio.  69.  —  (jRiNDiNG  SiDM  Tool. 

To  grind  side  faces,  revolve  holder  B  and  set  dials  to  givi 
proper  angles.  To  reduce  area  to  be  ground,  tools  may  t> 
forged  in  former  blocks,  or  by  hand  to  more  clearance  thai 
desired.     The  method  of  grinding  rake  of  a  right  side  tool  ii 


Fio.  70,  —  Oilstonino  Lathb  Tools. 

shown  in  Fig.  39.     When  correct  angles  and  Betting  of  tools 
are  obtained,  they  can  be  accurately  duplicated. 

Round-nose  or  circular  forming  tools  are  located  centrally 
with  a  gage  and  ground  by  swinging  on  a  vertical  axis.  The 
top  is  ground  in  the  usual  way. 
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81.  To  oilstone  tools.  —  Use  fine  manufactured  or  hard 
ifkansas  stone  about  4'^  X  i'^  X  f ''.  Clamp  diamond-point 
>ol  A  reversed  in  tool  post  B  and  apply  oilstone  C  as  in 
ig.  70,  with  long  strokes.  Also  oilstone  side  faces.  Use 
erosene  oil  for  India,  lard  or  sperm  oil  for  Arkansas,  and  sperm 
r  lard  oil  for  carborundum  stones. 


SETTING  AND  USING  OUTSIDE  CALIPERS 

82.  To  set  outside  calipers  A,  Fig.  71,  by  rule  B  to  length 
'D,  adjust  nut  E  until  lower  point  coincides  with  middle 
f  line  2>.  The  width  of  lines  on  steel  rules  is  from  .002^ 
3  .004*. 


Fig.  71.  —  SBrnNO  Outside  Calipbrb. 


Warning. — A  student  almost  invariably  sets  outside  calipers 
arge  and  inside  calipers  small. 

When  extreme  accuracy  is  required,  such  as  turning  work 
:o  be  fitted,  the  calipers  should  be  set  by  a  standard  plug 
5age  or  mandrel,  or  work  of  the  desired  diameter. 
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83'  To  measure  diameter  of  lathe  work  with  outside  cali- 
pers. Fig.  72.  — Set  calipers  7  to  size.  Hold  work  G 
stationary  and  apply  calipers  at  right  angles  to  axis  of  work 
AS  Kl,  not  as  JK  or  hM.  Turn  work  with  tool  N  until 
calipers  will  pass  over  it  with  a  light  yet  distinct  touch,  but 


Fio.  72.  —  Measqrino  with  Odtsidb  Caupkrs. 

not  hard  enough  to  spring  calipers  or  to  austfua  their  w^ght. 
Usually  the  calipers  have  to  be  passed  over  work  a  number 
of  times  to  determine  this  touch. 
8i.  To  adjust  the  tool  to  turn  work  to  a  desired  diameter. 

Fig.  72- — Move  tool  N  inward  at  end  of  work  to  cut  under 
scale,  start  lathe  and  feed  tool  to  cut  by  hand,  then  throw  in 
power  long,  feed  and  aUow  a  travel  of  \"  to  J".  Stop  lathe 
and  test  diameter  with  calipers.  If  correct,  continue  turning; 
but  if  too  large,  start  lathe,  release  power  long,  feed  and  run 
tool  back  to  end  and  again  slightly  advance  tool,  throw  in  long, 
feed  and  so  on  until  correct  diameter  is  obtained. 

Warning.  —  Hold  long,  feed  firmly  with  one  hand  while 
releasing  power  feed  with  the  other. 
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86.  To  leun  to  measure  accurately  with  outside  calipers.  — 
Set  calipers  to  rule,  turn  work  until  calipers  will  pass  over  il 
with  a  delicate  touch,  thea  t«st  with  micrometer  calipers. 

86.  To  transfer  a  setting  from  one  pair  of  calipers  to 
another.  Fig.  73-  — Set  inside  calipers  A  to  size  of  hole,  then 
set  outfiide  calipers  B  by  them.  Bring  lower  points  of  both 
calipers  in  contact  and  steady  as  at  C,  then  adjust  point  D 


Fia.  73.  —  TRjUfSFBRRmo  Hkabursuxnt  rsoH  Inbtob  to  OoTsma 
Caufbbs. 

by  nut  E  until  it  touches  point  F.    To  transfer  setting  of 
outside  to  inside  calipers,  reverse  calipers  in  hands  and  adjust. 

CUTTING  SPEEDS,  CUT-METTER,  AND   FEEDS 

87.  In  turning,  three  tilings  must  be  ccm^dered : 

First,  the  cutting  speed  in  feet  per  minute,  which  is  con- 
trolled by  the  diameter  of  work  and  speed  obtained  from  the 
table;  it  is  calculated  or  may  be  directly  measured  by  a  cut- 
meter. 

Second,  the  depth  of  cut,  one-half  the  amount  that  the  diam- 
eter is  reduced. 

Third,  the  feed  or  amount  the  tool  advances  per  revolul^on 
of  work. 
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88.  The  cut-meter,  A,  Fig.  74,  may  Ije  used  to  measure 
cutting  speed  automatically,  also  speed  of  drills,  milling  cut- 
ters, etc.  It  consists  of  a  case  B,  which  contidns  the  magnetic 
mechanism  for  registration.     Scale  C  ia  calibrated  to  read  the 


Fia.  74. — Measuhino  Cutting  Speed. 

cutting  speed  in  feet  per  minute;  the  0  line  is  on  ghiss  D.  To 
use  the  cut-meter,  it  is  held  by  handle  E  and  wheel  F 
pressed  against  the  revolving  work  G. 

89.  Surface  speed  attachment  for  speed  indicator.  — A  rub- 
ber-tired wheel  A,  Fig.  75,  6"  in  circumference,  is  slipped  over 
point  of  a  epecd  indicator.     See  Principles  of 
Machine  Work.     The  wheel  is  pressed  against 
work  as  at  B,  Fig.  75,  and  number  of  revolu- 
tions noted  in  a  given  time,  na  one  minute. 
To  get  surface  speed  in  feet,  divide  number 
Fio.  76. —Surface  of  revolutions  per  minute  by  2. 
MB^Jt^Fon^PEED       ^-    To  find  the  lathe  revolutions,  given 
Indicator.  the  cutting  speed  and  diameter  of  the  work: 

Multiply  the  cutting  speed  by  12  to  reduce  it  lo  inches,  then 
divide  by  the  diameter  of  the  work  multiplied  by  3.1416. 
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Example.  —  The  work  is  2"  in  diameter  and  it  is  desired  to 
turn  it  at  35  feet  per  minute.  How  many  lathe  revolutions 
are  necessary? 

35  X  12 


Solution. 


2  X  3.1416 


=  67  R.P.M. 


91.  To  find  the  cutting  speed,  given  diameter  of  the  work 
and  lathe  revolutions  per  minute:  Multiply  diameter  of  work 
by  3.1416  and  by  number  of  lathe  revolutions,  then  divide 
I>y  12. 

Example.  —  The  work  is  2"  in  diameter  and  makes  67  revo- 
lutions per  minute  in  the  lathe.    What  is  the  cutting  speed? 


Solution. 


2  X  3.1416  X  67 
12 


35  feet. 


92.    Eight  or  ten  speeds  are  possible  in  an  engine  lathe.  — 

Place  the  belt  on  step  of  cone  that  will  give  the  speed  near- 
est to  that  reqiured. 


TABLE  OF  LATHE  CUTTING  SPEEDS 


Materialb. 


Speeds  for  Roughing. 


Carbon  Steel 
Tools. 


Cast  iron 

Steel  or  wrought  iron . 
Carbon  Bteel,  annealed 
Brass  composition .... 


30 
25 
20 

95 


High-speed  Steel 
Tools. 


60 

50 

40 

190 


Speed  for  finishing  is  50%  to  100%  higher  than  roughing 
speed. 

Speed  for  filing  (brass  excepted)  equals  four  times  roughing 
speed. 

Speed  for  filing  brass  equals  three  times  roughing  speed. 
Attention.  —  Roughing  cuts  are  not  to  reduce  diameters 
more  than  \^]  and  finishing  cuts,  not  more  than  ^''.    Rough- 
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ing  feeds  are  not  to  be  less  than  17  revolutions  per  1'  tool 
travel;  and  finishing  feeds  are  not  to  be  less  than  90  revolu- 
tions per  I''  tool  travel. 

If  the  above  is  exceeded,  a  less  speed  than  that  given  in 
table  must  be  used. 

For  large  diameters,  use  reduced  speed,  as  the  strain  on 
the  tool  is  greater. 

93.  Cutting  feeds.  —  Lathes  with  belt  feed  are  limited  to 
three  changes;  lathes  with  gear  feed  are  not  limited. 

,  For  heavy  work,  coarse  feed  is  about  17  lathe  revolutions 
to  1*  of  tool  travel. 

For  average  work,  medium  feed  is  about  38  lathe  revolu- 
tions to  V  of  tool  travel. 

For  average  work,  fine  feed  is  about  90  lathe  revolutions 
to  V  of  tool  travel. 

For  tool  making,  a  feed  of  200  revolutions  is  often  used. 

Attention.  —  A  student  may  use  finer  feeds  until  he  acquires 
some  experience;  about  80  to  1"  for  roughing  and  140  to  1' 
for  finishing. 

LUBRICANTS  FOR  CUTTING  TOOLS 

94.  Some  metals  are  machined  dry,  others  require  a 
lubricant.  —  Cast  iron,  with  about  two  exceptions,  as  tapping 
and  polishing,  must  be  machined  dry.  Steel  and  wrought 
iron,  with  two  exceptions,  as  machining  with  side  or  diamond- 
point  tool  (and  these  are  optional),  must  be  machined  with 
a  lubricant.  A  neglect  of  this  may  cause  destruction  of  both 
tool  and  work.     See  Table  of  Lubricants,  p.  l49. 

A  lubricant  on  tenacious  metal  prevents  excessive  friction 
and  conducts  away  heat,  thus  preserving  the  point  of  the 
tool  and  producing  a  smooth  finish  on  the  work.  It  also 
helps  to  carry  away  the  chips. 

Oil.  —  "  Oil  "  in  tables  means  lard  oil  or  some  oil  mixture. 
Mixtures  and  compounds  are  often  used  as  substitutes  be- 
cause of  cheapness. 

Note.  —  Never  use  mineral  oils  (lubricating  oils)  for  cutting 
tools.    To  machine  bronze,  see  p.  l49. 
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96. 


TABLE  OF  LUBRICANTS  FOR  CUTTINO  TOOLS. 


Metals. 

Oprra- 
Tiomi. 

Cast 
Iron 

Machine 

Steel  OR 

Wrotjobt 

Iron. 

Carbon 

OR  HlGH- 

Spxbd 
Steel. 

Cof- 
fer. 

Brass  or 
Bronze.* 

(Aluminum. 

Lead. 
Bab- 
bitt. 

Tomizig. 
Boring* 

Dry. 

Dry,  oil  or 
soda  water. 

Dry  or  oU. 

BfUk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Cutting  off. 
Gioovixig. 

Dry. 

Oil  or  soda 
water. 

OU  or  soda 
water. 

MiTV. 

Dry. 

Karosene  or 
turpentine. 

Dry. 

Screw  cut- 
ting. 

Dry. 

OU. 

OU. 

MiUc. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Threading 
with  dies. 

Dry. 

Oit 

OiL 

Milk. 

Dry. 

Kerosene  or 
turpentine. 

OU. 

Tapping. 

Oil. 

OU. 

OU. 

Driving. 

Counter- 
sinking. 

Counter- 
boring. 

Dry. 
Piy. 

Dry. 

Oil  or  soda 
water. 

OU  or  soda 
water. 

OU  or  soda 
water. 

Oil  or  soda 
water. 

MUk. 
Milk. 

Dry. 
Dry. 

Kerosene  or 
turpentine. 

Kerosene  or 
turpentine. 

Oil. 
OU. 

Cbucldng. 

Dry. 

Oil  or  soda 
water. 

OU  or  soda 
water. 

MUk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Reaming. 

Dry. 

OU. 

OU. 

Milk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Milling. 

Dry. 

OU,     soap 
mixture,  or 
soda  water. 

OU,    soap 
mixture,  or 
soda  water. 

MUk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Planing. 

Dry. 

Dry,  oil  or 
soda  water. 

Dry  or  oU. 

Milk. 

Dry. 

Kerosene  or 
turpentine. 

Dry. 

Nurling. 

OU. 

OU. 

OU. 

MUk. 

OU. 

Kerosene  or 
turpentine. 

Dry. 

Filing. 

Dry. 

Dry  or  oil. 

Dry  or  oil. 

Dry  or 
milk. 

Dry. 

Kerosene  or 
turpentine. 

OU. 

Polishing 
with  em- 
ery doth. 

Oil. 

1 

OU. 

OU. 

OU. 

Oil. 

OU. 

OU. 

*Wamin 
it  is  often  n 

g.  —  Wl 
eoessai^ 

lien  tapping 
^  to  use  lard 

or  using  a  d 
oU  to  preve 

ie  on  ro 
nt  ologf 

Wed  bri 
[ing  an( 

188  (not  cast  \ 
1  ruining  tap  c 

>ra88), 
)rdie- 
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Soda  water  (sal  soda  dissolved  in  water)  is  useful  in 
machining  steel  or  wrought  iron,  and  produces  what  is  known 
a&  a  water  finish. 

Soap  mixture.  —  ^  lb.  sal  soda,  ^  pt.  lard  oil,  ^  pt.  soft 
soap,  10  qts.  water;  boil  one-half  hour.  This  is  good  for 
milling  and  drilling  steel  and  wrought  iron. 

96.  Drilling  extra  hard  steel  such  as  unannealed  carbon 
steel.  —  Use  a  flat  drill,  with  turpentine  or  kerosene  oil  as  a 
lubricant. 

97.  Drilling  glass.  —  Use  a  very  hard  flat  drill,  scratch 
glass  with  an  old  file  to  remove  polish  and  use  turpentine  as  a 
lubricant.  Drill  part  way  through,  then  turn  over  and  finish 
from  the  other  side  to  avoid  chipping  surface. 


INSPECTING  AND  MEASURING  MATERIAL  (STOCK) 

98.  Inspecting  and  measuring  material  (stock).  —  On 
receiving  a  piece  of  stock,  inspect  it  for  imperfections,  as 
blowholes  in  castings,  flaws  (cold  short)  in  forging  or  bars. 
Stock  for  work  to  be  hardened  must  be  carbon  or  high- 
speed steel.  To  distinguish  high-grade  machine  steel  from 
tool  steel,  a  trial  piece  may  be  tested  by  the  hardening 
process. 

Measure  piece  to  see  if  it  is  large  enough  to  finish  to 
dimensions  given  on  the  drawing.  If  the  piece  be  a  rough 
casting  or  forging,  there  should  be  at  least  i"  surplus  stock; 
if  smooth,  Vjr"' 

When  requested  to  finish  work  begun  by  another,  inspect 
and  measure  it,  and  make  a  note  of  its  condition,  that  you 
may  not  be  held  responsible  for  errors  not  your  own. 

99.  Rough  turn  all  over  before  finishing.  — '  As  metals 
alter  in  form  when  the  skin  or  outside  is  removed,  when 
possible  remove  the  skin  from  all  surfaces  before  finishing 
any  part.  An  exception  is  made  in  some  classes  of  lathe 
work,  as  a  shaft  which  is  squared  to  exact  length  before 
the  diameter  is  roughed  out. 
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100.  When  and  how  to  oil  the  bearings  of  machine  tools.  — 
All  bearings  must  be  regularly  oiled.  Use  good  lubricating 
oil,  —  machine  oil,  not  lard  oil.  If  the  oil  does  not  sink  into 
the  oil  boles,  they  should  be  cleared  out.  A  few  drops  of  oil 
in  each  bearing  is  enough,  Fig.  76.     Flat  bearings,  as  the 


ways  of  a  lathe,  should  be  wiped  with  waste  before  oiling 
and  the  oil  distributed  with  the  fingers,  Fig.  77.  Oil  twice 
a  day.     AH  automatic  oilers  should  be  filled  periodically. 

101.  Treatment  when  bearings  rough  up  and  machine  stops 
from  ladi  of  tnl  or  too  close  adjustment.  —  First  force  in  a 
liberal  quantity  of  oil;  if  this  does  not  release  the  bearing, 
force  in  naphtha  or  benzine  and  then  more  oil;  if  the  latter 
is  not  effective,  take  the  bearing  apart  and  smooth  the  rough 
places  on  the  journal  by  filing  and  those  in  the  box  by  scrap- 
ing or  filing.  Then  wipe  clean,  oil  freely,  and  put  bearing 
together  and  adjust  to  run  loosely  for  a  while. 

102.  To  prevent  rusting  or  corroding  of  machine  or  finished 
work,  coat  with  vaseline  or  thin  oil.  When  tools  or  machines 
are  not  in  use,  coat  with  a  thick  oil.  The  rust  should  be 
removed  from  a  surface  before  it  is  oiled  or  rusting  will 
continue. 

103.  Patting  on  and  pushing  off  belts.  —  An  ordinary  over- 
head belt  IS  thrown  off  by  pressing  with  a  pole  against  the  edge 
of  the  belt  at  the  receiving  side  of  driving  pulley.  This  belt 
may  be  replaced  by  arranging  belt  upon  driven  pulley  and 
then  pushing  belt  upon  driving  pulley  by  starting  it  at  the 
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receiving  side  with  a  pole  that  has  a  bent  piece  of  iron  fastened 
to  its  end.  For  large  belts,  a  ladder  must  be  used  and  the 
belt  pushed  on  by  hand.  A  stout  cord  may  be  used  to  pull  on 
large  belts. 

104.  To  change  to  higher  speed.  —  Start  lathe,  push  belt 
off  step  of  head  cone  with  right  hand.  Press  lightly  against 
inside  of  down-running  belt  with  either  hand  to  take  up  slack 
and  with  other  hand  push  the  up-running  side  of  belt  to  the 
desired  step  on  counter  cone,  then  with  left  hand  press  belt 
on  to  head  cone. 

106.  To  change  to  lower  speed.  —  If  belt  is  on  largest  step 
of  counter  cone,  with  left  hand  pull  it  on  to  desired  step,  then 
with  same  hand  press  belt  on  to  corresponding  step  of  head 
cone.  If,  however,  belt  is  not  on  largest  step,  first  push  it 
off  step  of  head  cone  with  right  hand. 
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SBcnon  2 

LATHE  WORK 

TaoB  Slement  and  Schedule  of  Operations.    Ceniering,  Sqiutfisgy  and 
Stiai^t  Turning.    Filtng  Lathe  Work.    Micrometer  and  Vernier  Cali- 
pers.   Dimenaion-Liniit  System.   Fits  in  Machine  Construction 
wifh  Tables  of  Allowances.     Standard  and  Limit  Gages. 
Taper  Tnrnhig  and  Fitting.    Straight  Turning  and  Fitting. 


TIME  ELEMENT  AND  SCHEDULE  OF  OPERATIONS 

1.  Schedules  of  operations.  —  The  problems  in  this  book  are 
presented  in  schedule  form.  Each  operation  is  given  in  its 
logical  order  together  with  machineSy  tools,  speeds,  feeds,  and 
time.  Such  schedules  are  the  fundamental  and  necessary  bases 
of  all  efficiency  systems.  They  make  teaching  systematic;  learn- 
ing rapid;  and  promote  industrial  efficiency. 

A  multiple  schedule  for  two  or  more  duplicate  pieces  is 
the  same  as  for  a  single  piece,  except  that  each  operation 
is  performed  on  all  pieces  before  beginning  the  next. 

2.  The  time  element  in  the  schedules  includes  grinding  of 
tools,  and  is  the  average  time  required  by  an  experienced  work- 
man for  completing  the  given  problem.  Students  and  other 
beginners  will  take  from  50%  to  100%  more  time  on  the  intro- 
ductory problems,  but  as  they  become  familiar  with  the  tools 
and  machines  this  excess  time  is  reduced  to  25%  or  less,  de- 
pending on  the  ability  of  the  student  and  the  efficiency  of  the 
equipment  and  instruction. 

3.  The  student  may  begin  lathe  work  by  turning  soft  cast 
iron,  as  it  machines  more  easily  than  steel  or  wrought  iron; 
the  cutting  angles  of  the  tools  are  easy  to  shape,  and  the 
material  is  not  expensive.    See  pp.  102,  203-205. 

4.  To  mount  work  on  lathe  centers.  —  Clean  center  holes 
and  centers  with  waste.  Fasten  dog  on  work  (see  p.  Il8), 
mount  on  live  center.     With  left  hand  under  end  of  work, 
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hold  work  in  line  with  dead  center;  move  and  clamp  foot- 
stock  width  of  tool  block  from  end  of  work.  Oil  dead 
center.  With  the  little  finger  of  left  hand  to  guide  the 
dead  center  into  center  hole,  screw  out  spindle  with  the 
right  hand  until  there  is  no  end  movement.  To  test  ad- 
justment, move  tail  of  dog  back  and  forth;  when  right  a 
slight  resistance  is  felt  by  the  hand;  clamp  binder. 

Warning,  —  When  taking  a  heavy  cut  or  rotating  work  at 
a  high  speed,  the  work  will  heat  and  expand  and  thus  bind  on 
the  centers.  The  student  should  relieve  and  oil  the  dead 
center  occasionally.  If  this  is  neglected,  a  ''  hot  center  "  wiU 
result,  which  usually  destroys  both  toork  and  center. 

6.  To  turn  work  to  one  diameter  from  end  to  end.— 
First,  set  tool  to  take  roughing  cut  and  turn  approximately 
one-half  the  length    (Fig.  1).     Stop  feed,  then  stop  lathe. 


DEAD 
CCNTCIt 


•^'CHT  OIAMOWD 


Fig.  1.  —  Rough  Turning  Shaft  prom  End  to  End,  First  Half. 


Take  work  out  of  lathe  and  run  carriage  back  by  hand  to 
dead  center.  Do  not  disturb  cross  feed.  Fasten  dog  on 
turned  end  A\  Fig.  2,  with  a  piece  of  copper  D  under  set 
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screw  to  avoid  scarring  work. 


Again  mount  work  on  centers 
and  turn  off  half  marked 
B\  Regrind  tool  and  fol- 
low same  method  with 
finishing  cut. 


Fio.  2.  —  Rough  Turning  Shaft  from  End  to  End,  Second  Half. 
CENTERING,  SQUARING  AND  STRAIGHT  TURNING 

6.  To  center,  square  and  turn  straight.    See  Figs.  3  and  4. 


Fig.  3. 

Specifications:  Material,  iron  casting  \'^  large;  weight,  2  lb. 

8  oz.,  Fig.  3,  free  from  visible  defects. 

Hardness,  28  to  32  (scleroscope). 

Oil  bearings  of  lathe  with  machine  oil. 

True  live  center.    Set  dead  center  in  approximate  aline- 

ment,  see  p.  Il6.     Carbon-steel  cutting  tools.     See  Excep- 

iixm,  p.  205. 

Time:   Study  drawing  and  schedule  in  advance,  10  min. — 

Ofl  lathe,  4  min.  —  Hand  center  and  square,  19  min. — 

Rough  and  finish  turn,  23  min.  —  Clean  lathe,  3  min. — - 

Total,  59  min.     (Machine  center  and  square,  17  min.) 
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Fig.  4. — Scheduub  Drawing  of  CBNTEBma,  Squaring  and  Straight 

Turning. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


// 


Snag.     Center    by    hand    method, 
pp.  l21,  l22.     Center  holes  f^ 
diameter,  (1),  (2). 


Mount  and  adjust  on  centers. 
Rough  square  (3),  round  nose  in-v 
ward,  heavy  cut,  and  side  tool  out- 
ward, light  cuts.  Reverse  work 
on  centers  and  repeat  on  (4) .  Test 
length  with  calipers.  Take  light 
cut«  outward  on  (4)  until  work 
measures  8"  -f  A"*    Remove  dog. 

Recenter  to  A".  («).  (6) 

Finish  square  (7)  one  cut.  Reverse 
work  on  centers  and  repeat  on  (8). 
Test  length  with  calipers.  Take 
light  cuts  on  (8)  until  work  meas- 
ures 8".  To  remove  burr  around 
countersinks,  see  p.  131.  Test 
flatness  of  end  with  steel  rule. 

Rough  turn  to  lA"+A".  (»)  one 
cut.  See  Figs.  1,  2.  Test  with 
calipers  at  ends  and  middle. 


Regrind  and  oilstone  tool. 
Finish  turn  to  It^",  (10),  one  cut. 
See  p.  134. 


Test  with  micrometer  calipers,  at 
both   ends   and    middle.     Limit 

•  allowed  .001".  Stamp  name  on 
end. 

Clean  lathe. 


Machines,  Speeds, 
Feeds. 


Speed  lathe,  8"  to 
12".  3d  or  4th 
speed,  or  1400 
R.P.M.*;  coun- 
tersink 3d  speed 
or  700  R.P.M. 

Engine  lathe,  12" 
to  16".  1st  or 
2d  speed,  or  40 
F.P.M.f  Hand 
feed. 


Speed  lathe. 

Engine  lathe.  2d 
or  3d  speed,  or 
60  F.P.M.  Hand 
feed. 


1st  or  2d  speed,  or 
25  to  40  F.P.M. 
Medium  power 
feed— 80  to  l"t 


2d  or  3d  speed,  or 
55  F.P.M.  Fine 
power  feed  — 
140  to  1". 


TOOLB. 


Vise,  hammer, 

chisel,  file,  chalk, 
dividers  or  di- 
vider calipers, 
center  punch,  A" 
drill,  60**  counter- 
sink, rule. 

Dog,  round  -  nose 
tool,  side  tool 
15**  rake,  cali- 
pers, 12"  steel 
rule. 


Drill,    countersink. 

Side  tool  15**  rake, 

calipers,  rule. 


Copper  under  set 
screw  of  doic. 
diamond-point 
tool  15**  rake, 
small  calipers.  3" 
steel  rule. 

Diamond-point  tool 
15**  rake,  or 
round-nose  tool, 
calipers,  rule. 

Micrometer,  st«el 
name  stamp, 
machinists*  ham- 
mer, viae,  copper 
jaws. 

Brush  and  waste. 


♦  R.P.M.  =  revolutions  per  minute.  t  F.P.M.  =  feet  per  minute, 

t  80  to  1"  »  80  revolutions  of  work  to  1"  of  tool  traveL 
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Warmng. — Do  not  recenter  work  after  the  diameter  has 
been  turned  because  the  center  reamer  cuts  uneven^  and 
throws  the  work  out  of  true. 

Attention.  —  If  necessary,  when  roughing  the  tool  may  be 
removed  and  reground,  but  in  finishing  it  should  be  prepared 
to  carry  its  cut  without  regrinding. 

N<^.  —  When  squaring,  hold  long,  feed  handle  firmly  with 
one  hand  while  operating  cross  feed  handle  with  the  other. 

Caution.  —  As  a  heavy  cut  may  draw  the*  tool  inward, 
caliper  occasionally  and  readjust  tool,  if  need  be,  to  avoid 
roughing  diameter  too  small. 

Exception. —  If  a  schedule  says  ''  carbon-steel  cutting  tools  " 
and  it  is  desired  to  change  to  "high-speed  steel  or  stellite," 
the  cutting  speed  may  be  increased  from  50%  to  100%. 

If  a  schedule  says ''  high-speed  steel  or  stellite  cutting  tools  *' 
and  it  is  desired  to  change  to'  "  carbon-steel "  the  cutting 
speed  mitst  be  reduced  25%  to  50%. 

FILING  LATHE  WORK 

7.  Lathe  work  is  filed  to  remove  tool  marks,  to  make  a 
fit,  to  produce  an  exact  diameter,  and  also  to  prepare  the 
surface  for  polishing.  A  small  amount  of  filing  improves 
the  condition  of  the  work;  excessive  or  careless  filing  will 
destroy  its  truth. 

8.  Mill  files  are  best  for  lathe  work,  files  single-cut  (some- 
times called  floats),  as  at  C,  Fig.  5.  A  mill  bastard  is  use- 
ful for  a  large  variety  of  lathe  filing,  but  a  mill  2d  cut  is  only 
used  for  finer  classes  of  work.   See  Principles  of  Machine  Work. 

9.  Speed  for  filing.  —  If  work  is  revolved  at  too  high  a 
speed,  the  file  will  not  bite,  but  will  simply  glaze  the  work  and 
rapidly  destroy  itself.  As  a  rule,  in  filing  steel  and  cast 
iron  the  lathe  may  be  run  at  a  speed  between  four  and 
five  times  faster  than  that  used  in  taking  the  roughing  cut. 
Cast  iron  must  be  filed  dry.  See  Table  of  Cutting  Speeds, 
p.  147.  On  brass,  the  rule  is  from  two  to  three  times  the 
roughing  speed. 
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On  work  1^*  and  less  in  diameter,  run  eiif^ne  lathe  at  ita 
fastest  speed.  Small  work  ^*  and  less  may  be  filed  in  the 
speed  lathe. 

Warning.  —  To  avoid  a  hot  center  when  filing,  looeen  and 
oil  the  dead  center  before  and  occasionally  after  increasing 
the  speed. 

XO.  To  hold  and  to  use  a  file  on  ]a.ibo  woi^.  —  The  work 
A,  Fig.  6i  is  revolved  at  a  moderately  fast  speed  in  the  direc- 
tion of  arrow  B.  Good  results  are  obtained  by  moving  mill 
file  C  at  right  angles  to  the  work  as  at  Z).  If  the  work  to  be 
filed  {A')  is  a  tenacious  metal  such  as  machine  steel  or 
wrought  iron,  hold  file  at  an  angle  of  about  10°  as  at  C  but 
move  it  at  right  angles  as  at  i>'  yriuch  increases  the  cutting 
angle  from  23°  to  33°.     The  stroke  should  be  long  but  slower 


Fro.  5.  —  FiLiNQ  IN  Latrc. 

than  in  vise  work  in  order  that  the  work  may  make  a  number 
of  revolutions  during  each  stroke;  the  pressure  should  be 
lighter,  aa  the  number  of  teeth  in  contact  are  fewer, 

KoU.  —  A  file  may  be  moved  slightly  from  left  to  ri^t;  that  is,  agunat 
ib)  tnidency  to  glide  on  its  forward  stroke,  but  not  from  ligbt  to  left  w  it 
may  chatter. 

Attention.  —  Clean  the  file  frequently  with  a  file  card  to 
remove  chip3,  or  they  will  scratch  the  work. 

11.  To  finish  radial  or  side  surfaces.  ~  A  hand  file  is  some- 
times used,  but  preferably  use  a  scraper.     See  p- 125. 
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12.  Round  and  half-round  files  for  lathe  woik.  —  Fillets 
and  concave  eurfacea  are  generally  made  with  forming  tools 
and  scraped  with  hand  tools.  To  polish  such  surfaces,  they 
may  be  prepared  by  filing  with  round  or  half-rouud  files,  giving 
the  file  on  its  forward  stroke  a  slight  sweep  following  the  curve. 
See  Lubricants  for  Cutting  Tools,  pp-  148-150. 

inCROKBTBS  CALIPfflLS 

13.  The  micrometer  principle  consists  of  a  combination  of 
an  accurate  screw  and  graduated  head  or  nut  by  which  fine 
measurements  and  adjustments  may  be  obtained.  It  is  ap- 
phed  to  teed  screws  of  lathes,  planers,  milling  and  grinding 
machines,  etc.,  and  to  instruments  of  precision,  as  the  microm- 
eter caliper,  Fig.  6,  which  consists  of  frame  A  and  barrel  B; 
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in  the  end  of  the  barrel  is  a  fixed  nut  through  which  passes 
screw  C,  The  caliper  is  graduated  to  read  in  thousandths  of 
an  inch,  but  half,  quarter,  and  tenths  of  thousandths  may  be 
readily  estimated. 

14.  To  measure  work  with  micrometer.  —  Place  shaft  E 
between  the  faces.  Rotate  thimble  F  with  thumb  and  finger 
until  a  light  but  distinct  contact  is  obtained.  Prove  results 
by  moving  micrometer  up  and  down  on  shaft  E,  or  by  passing 
work  between  micrometer  anvil  Z>  and  screw  C  with  a  slight 
rotative  motion. 
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16.  To  read  miciometer.  —  Screw  C  has  40  threads  to  the 
inch ;  the  graduatiojtis  on  barrel  B  are  40  to  the  inch.  One  revo- 
lution of  the  screw  opens  the  caliper  one-fortieth  of  an  inch, 
or  .025''.  Thimble  F  is  graduated  into  twenty-five  parts.  Elach 
division  when  passing  the  axial  line  on  barrel  indicates  one- 
twenty-fifth  of  one-fortieth  of  an  inch  (^  X  ^j^  =-  10^0  0^^' 

Reading.  —  Every  fourth  division  on  the  barrel  is  figured 
1,  2,  3,  4,  etc.,  and  may  be  read  0.100",  0.200'',  etc.;  the  figure 
3  may  be  read  O.SOO''  and  the  three  additional  divisions  as 
O.OTS'',  making  0.375''  on  barrel.  Then  add  the  two  divi- 
sions or  0.002"  on  the  thimble,  which  makes  the  complete 
measurement  0.377". 

Attention.  —  A  student  occasionally  reads  the  example  at 
Af ^  backward  from  zero  and  obtains  .377"  instead  of  .373". 

16.  Adjusting  the  anvil  to  correct  error.  —  If  zero  lines  do 
not  coincide  when  anvil  and^  screw  are  clean  and  in  contact, 
adjust  anvil  D  by  screw  6,  first  loosening  screw  H. 

17.  Lock  nut  K  may  be  used  to  clamp  the  screw  and 
preserve  any  setting. 

18.  Speeder  and  friction  slip  consists  of  a  ratchet  and 
pawl  used  as  a  speeder  for  the  rapid  movement  of  screw,  and 
as  a  friction  slip  so  that  the  same  pressure  of  contact  may  be 
obtained  at  every  reading. 


FiQ.  7.  —  MsAsuRiNQ  Work  with  Micrometer  Held  with  One  Haw). 
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19.  A  one-band  method  of  measuring  with  a  mlcnmieter. 
fig.  7-  —  Hold  work  A  with  left  hand  sod  insert  third  finger 
of  right  hand  into  frame  to  steady  caliper  B.  Adjust  screw  C 
to  work  by  rotating  the  thimble  with  the  thumb  and  first 
finger. 

20.  To  measure  work  in  a  lathe  with  micrometer.  Fig.  8. 
—  Hold  frame  A  over  work  B  and  operate  thimble  C. 


Pta.  8.  —  Hbasdrino  Work  ih  thk  Lathe  witb  Microhbtcr. 

21.   Large  micrometer  and  stand,  —  Micrometer  stand  A, 
in  fig.  9,  on  bench  B,  not  only  protects  micrometer  C  from 


Fio.  0.  —  HsAAUBiMa  Work  on  Bbkcs  with  MiCROiorraa. 

injury,  but  avoids  expansion  due  to  the  heat  of  the  hand. 
To  measure,  bold  work  D  as  shown.     This  micrometer  is  of 
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the  interchaageable  anvil  type.     One  of  the  shorter  anvils 
is  shown  at  F. 

Standard  end-measuring  rods  and  disks  are  supplied  with 
micrometers  measuring  more  than  one  inch,  to  test  their 
accuracy. 

22.  Decimal  equivalents  of  common  fractions.  —  As  mi- 
crometers are  graduated  to  read  decimally,  the  common 
fractions  and  their  decimal  equivalents  are  stamped  on  the 
frames.  A  student  should  memorize  the  decimal  equivalents 
of  such  fractions  as  i^",  ^''t  Y,  -j^",  ^",  and  -^''. 


TABLE    OF    COMMON    FRACTIONS    AND    DECIMAL 

EQUIVALENTS 


A 

1 

1 

-  •  ■ 

.  .  .  ' 

A 

<*J 

A 

A 

A 

■  •  ■ 

A 

i 

A 

A 

•  •  • 

a 

A 

a 

A 

■   ■   a 



i 

H 

ii 

■   •  ■ 

H 

A 

H 

a 

•  •  • 

a 

•  ■  ■ 

■i 

a 

a 

•  •  • 

a 

A 

a 

a 

•  •  • 

ii 

i 

. 015625 

H 

.03120 

a 

.046875 

a 

.0625 

A 

.078125 

a 

.09375 

ii 

. 109375 

if 

.125 

f 

.140625 

i\ 

. 15625 

H 

. 171875 

.1875 
.203125 

1 1 

10 

.21875 

ii 

. 234375 

*i 

.250 

. 265625 

« 

.28125 

ii 

.296876 

a 

.3125 

\i 

.328125 

« 

.34375 

i^ 

.359375 

ii 

.375 

I 

.390625 

n 

.40625 

ii 

« 

. 421875 
.4376 

a 

.453125 

n 

.46875 

ii 

•  •  k 

. 484375 

n 

.600 

1 

.515625 
.53125 
.545875 
.5625 
.578125 
.59375 
.609375 
.625 
.640625 
.65625 
.671875 
.6875 
.703125 
. 71875 
.734375 
.750 
.765625 
.78125 
.796875 
.8125 
.828125 
.84375 
.859375 
.875 
.8^)625 
.90625 
.921875 
.9375 
.953125 
.96875 
.984375 
1.000000 


See  Metric  Micrometer,  p.  13"3. 
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VERIHER  CALIPERS 

23.  Vernier  principle.  —  Some  instruments  of  precision 
have  in  conjunction  with  the  main  rule  (or  scale)  a  short 
movable  scale,  called  a  vernier,  to  read  fractional  parts  of  the 
smallest  divisions  on  the  main  rule. 

The  vernier  is  divided  into  one  more  or  one  less  divisions 
than  a  ^ven  number  of  divisions  on  the  rule.  A  division  on 
the  rule  thus  differs  from  a  division  on  the  vernier  by  the 
fraction  shown  by  1  divided  by  the  number  of  divisions  on 
vernier. 

Rule  Ay  Fig.  10,  is  divided  into  inches,  tenths,  and  forti- 
eths ir^"  =  .025'').     Vernier  B  is  divided  into  twenty-five 

0  RULE  A  t 
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VERNtER    B^ 

Fig.  10.  —  Vbrndbr  Principle. 

divisions  which  equal  twenty-four  divisions  on  rule  A.  As 
each  division  on  rule  A  is  .025''  (?V")>  ©^ch  division  on 
vernier  B  is  .024''  or  .OOr  less  (^''XnV'^TTAjxr ""  =  .001"). 

If  the  zero  line  on  vernier  is  set  to  coincide  with  the  zero 
line  or  any  line  on  rule  A,  the  next  two  lines  to  the  right  will 
differ  from  each  other  by  .001",  and  the  difference  will  increase 
.001'  for  each  division. 

24.  Example  in  reading. — Fir8t,read  the  rude.  Each  tenth 
is  read  .100"  and  each  fortieth  .025".  The  first  line  on  rule 
to  left  of  zero  line  on  vernier  is  distant  from  zero  line  on  rule 
.300"  and  three  fortieths,  .075",  which  gives  1.375". 

Second,  read  vernier.  Counting  to  the  right,  we  find  that 
the  second  line  on  the  vernier  B  coincides  with  a  line  on  the 
rule  as  indicated  by  arrows.  The  distance  from  the  zero  line 
on  the  vernier  to  the  coinciding  lines  is  .002". 

Third,  to  reading  of  rule  add  reading  of  vernier  to  obtain 
complete  measurement.    Thus:  1.375"  +  .002"  «  1.377". 
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26.  The  application  of  vemier  principle  to  the  vernier 
caliper.  —  In  Fig.  11  each  inch  of  beam  C  is  divided  into  40 
partS;  and  vernier  D,  attached  to  sliding  head  E,  into  25 
parts.  To  measure  work,  as  shaft  F,  the  caliper  is  placed 
over  the  shaft  and  the  sliding  head  is  moved  to  bring 
sliding  jaw  G  and  solid  jaw  ff  in  contact  with  shaft, 
clamp  K  is  fastened  to  beam  by  thumb  screw  L.  The 
jaws  are  made  to  touch  shaft  delicately  yet  distinctly  by 
adjusting  nut  M,  after  which  head  E  is  fastened  to  the  bearu 
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DUMETER  OF  SORE 
.  OF  HUB  Pb 

'      l.t77>.HS^  1.117"  , 

I  I  OR  if  V  OM** 

Fig.  11.  —  Measuring  with  Vernisr  Cauper. 

by  thumb  screw  N.  The  caliper  reads  the  same  as  the  former 
example,  Fig.  10,  that  is:  1.377''  or  lY  +  .002''.  It  is  best 
to  use  a  magnifying  glass  to  read  or  set  a  vernier  caliper. 

26.  To  obtain  inside  measurements  with  a  vernier  caliper.  — 
To  take  inside  measurements,  as  the  bore  of  hub  P  shown 
dotted,  the  caliper  is  read  exactly  as  above,  then  the  width 
of  the  points  of  the  jaws,  which  differ  with  the  size  of  the 
caliper  is  added.  For  the  caliper  in  Fig.  11  two  hundred  and 
fifty  thousandths  of  an  inch  (0.250'')  must  be  thus  added  to 
the  reading  on  the  vernier  side. 
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27.  Vernier  caliper  as  a  caliper  sqtsare.  —  The  vernier 
caliper  may  be  used  as  a  caliper  square  for  ordinary  outside 
ind  inside  measurements  by  reading  the  back  of  beam  C, 
xrhich  is  graduated  to  read  to  64th8. 

28*  A  ten-thousandth  micrometer.  —  Micrometer  calipers 
Eire  obtainable  to  read 
to  the  tenth  part  of  a 
thousandth  of  an  inch. 
A  vernier  of  ten  divi- 
sions is  marked  on  the 
barrel  A,  Fig.  12,  and 
in  the  apace  occupied  by 
nine  divisions  on  the 
thimble  £.  The  microm- 
eter reads  .25(r+.    To 


FiQ.  12. — ^A  Ten-thousandth  Microm  btbb. 


read  the  vernier  to  obtain  the  fchirth  decimal  place,  locate 
the  line  on  the  vernier,  as  line  6,  which  coincides  with  a 
line  on  the  thimble,  and  add  .0006''  to  reading,  as  .250^  + 
.0006*'  -  .2606^  or  i  +  .0006^ 

DIMENSION-LIMIT  SYSTEM 

29.  Drawings  giving  dimension  limits  and  indicating  the 
measuring  tools  are  given  for  accurate  work,  the  systems 
varying.    See  Limit  System,  p.  1303. 

Certain  dimensions  may  be  ttjVv''  or  tt^fV  under  or  over 
nominal  size,  and  it  indicated  on  the  drawing  it  will  save  the 
time  used  in  finishing  work  with  undue  accuracy.  The  extra 
time  taken  to  make  the  drawings  is  saved  many  times  in 
machining  the  work. 
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Fig.  13. — Drawing  Showing  Dimension-Limit  Sybtbm. 
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SO.  A  single  dimension  indicated  by  a  whole  number, 
fraction,  or  mixed  number  as  6|^,  Fig.  13,  means  that  rule  and 
caliper  are  sufficiently  accurate  to  measure  the  parts. 

31.  Double  dimensions  in  decinud  form,  placed  one  above 

the  other  as  1377^^'  Fig.  13,  indicate  the  limit  allowed  for  a 

required  size,  and  that  micrometer,  vernier,  or  limit  gage 
should  be  used. 

32.  A  dimension  allowing  no  limit  is  indicated  by  a  single 
decimal  as  8.000^  and  means  that  the  greatest  possible  accu- 
racy  must  be  obtained  with  the  measuring  instruments  at 
hand. 

Instead  of  double  dimensions,  limits  are  sometimes  indi- 
cated by  plus  and  minus  signs  after  the  nominal  dimensions, 
as  4,126''  +  or  -  .001". 

FITS  IN  MACHINE  CONSTRUCTION  WITH  TABLES 

OF  ALLOWANCES 

33.  Fits  in  tnachine  construction  are  most  important,  and 
unless  made  according  to  requirements,  impair  the  usefulness 
of  the  machine.    See  Dimension-limit  System,  pp.  2l3,  2l4. 

Examples. — In  an  en^ne  lathe  the  live  spindle  of  steel  is  a 
running  fit  in  bronze  or  babbitt  boxes  in  the  headstock.  The 
footstock  spindle  of  steel  is  a  sliding  fit  in  the  cast-iron  foot- 
stock.  The  headstock  cone  is  a  running  fit  and  the  head- 
stock  gear  a  drive  fit  on  spindle.  The  headstock,  footstock, 
and  carriage  of  cast  iron  are  sliding  fits  on  the  ways  of  the  cast- 
iron  bed.     See  Scraping,  Principles  of  Machine  Work, 

Like  metals  are  generally  used  for  sliding  surface  fits, 
unlike  metals  for  running  fits.  Cast  iron  to  cast  iron 
wears  well  for  any  fit,  but  steel  to  steel  will  quickly  abrade 
unless  hardened  and  ground. 

34.  The  classes  of  fits  used  in  machine  construction  are: 
running,  sliding,  driving,  forcing  and  shrinking  fits;  and  taper 
fits,  running  and  forcing.  The  hole  or  bore  for  duplicate 
work  should  be  standard.     See  pp.  221,  222. 

36.  Running  fits  vary  with  the  class  of  work.  The 
amount  of  looseness  varies  from  .0002^  on  fine  watch  work 
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to  ^'  on  some  classes  of  cotton  and  woolen  machinery. 
See  Tables,  Classes  I,  II,  III.  Running  fits  are  often  made 
taper.  The  adjustment  is  obtained  by  moving  the  spindle 
along  the  box,  or  the  box  along  the  spindle. 

Running  Fits,  —  Class  I 

TABLE  OF  ALLOWANCES  AND  LIMITS  UNDER  STANDARD  FOR 

FINE  WORK 


Hole  Diameteb,  Inches. 

Shait  Diameter  — 
Hols  Diameter  — 

Limit  Shait  Diam- 

METER  +  OR  — 

.OOto    .49 

.50  to  1.99 

2.00to3.99 

4.00  to  5.99 

e.ootos.oo 

.000625 

.0012 

.0016 

.002 

.002375 

.000125 

.000375 

.000625 

.00075 

.000875 

Running  Fits.  —  Class  II 


TABLE  OF  ALLOWANCES  AND  LIMITS  UNDER  STANDARD  FOR 
AVERAGE   WORK  WHERE   HIGH   SPEEDS  ARE  REQUIRED 


Hols  Diameter,  Inches. 

Shaft  Diameter  «■ 
Hole  Diameter  — 

Limit  Shaft  Diam- 
eter +  or  — 

.OOto    .49 

.001 

.00025 

.50to    .99 

.0015 

.0005 

1.00  to  1.99 

.0019 

.000625 

2.00  to  2.99 

.0023 

.00075 

.    3.00  to  3.99 

.0027 

.00075 

4.00  to  5.99 

.0035 

.001 

6.00  to  8.00 

.0038 

.00125 

Running  Fits.— Class  III 

TABLE  OF  ALLOWANCES  AND   LIMITS   UNDER   STANDARD   FOR 
ENGINE   WORK  WHERE  EASY   FITS  ARE   REQUIRED 


Hols  Diambtbr,  Inches. 


.OOto  .49 
.50  to  .99 
l.OOtol.99 
2.00  to  3.99 
4.00  to  5.99 
6.00  to  8.00 


Shaft  Diameter  — 

Limit  Shaft  Diam- 

Hols Diameter  — 

eter  +  OR  — 

.0015 

.0005 

.002 

.00075 

.0026 

.000875 

.0034 

.001125 

.00425 

.00125 

.005 

.0015 
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36,  Sliding  fits  such  as  the  footstock  spindle  of  lathes  are 
made  similar  to  ruDoing  fits  except  that  the  final  fitting 
is  done  by  draw-filing.    See  Principles  of  Machine  Work. 

Many  lathe  manufacturers  grind  the  spindle  slightly  large, 
then  force  it  back  and  forth  in  the  footstock  with  a  power 
press,  which  smooths,  straightens,  and  stretches  the  hole, 
eliminates  wear  to  some  extent  and  produces  a  fine  sliding  fit. 

TABLE  OF  ALLOWANCES  AND  LIMITS  UNDER  STANDARD 

FOR  SLIDING  FITS 


Hole  Diameteb,  Inches. 

Shaft  Diameter  » 
HouB  Diameter  — 

Limit  Shaft  Diam- 
eter +  OR  — 

.00  to    .49 

.50to    .99 

l.OOtol.99 

2.00to3.99 

4.00ta5.99 

e.ootos.oo 

.0005 

.00075 

.00125 

.00175 

.00225 

.0035 

.00025 
.00025 
.00025 
.00025 
.00025 
.0005 

37.  Driving  or  drive  fits,  easy  and  hard  are  made  by 
turning  the  shaft  to  size  with  allowance  for  filing.  For  easy 
fits,  file  or  grind  until  shaft  will  enter  hole  about  two-thirds 
length  of  fit  with  hand  pressure;  for  hard  fits,  one-third. 
The  former  are  used  for  light-keyed  fits  and  small  work;  the 
latter  for  ordinary  work  which  may  be  removed  for  repair. 


TABLE  OF  ALLOWANCES  AND  LIMITS  OVER  STANDARD 

FOR  DRIVING  FITS 


Hole  Diameter,  Inches. 

Shaft  Diameter  =« 
Hole  Diameter  + 

Limit  Shaft  Diam- 
eter +  OR  — 

.OOto    .49 

.50  to  1.24 

1.25  to  2.49 

2.50  to  8.00 

.000375 
.00075 
.00125 
.002 

.000125 
.00025 
.00025 
.0005 

38.  Forcing  or  force  fits.  —  In  assembling  and  erecting 
macninery,  nothing  is  more  important  than  the  proper  fitting 
of  the  parts  that  have  to  be  driven  or  forced  together,  or 
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driven  or  forced  apart,  when  making  repairs.  Ebcampies  of 
forcing  fits  are  gears,  couplings,  locomotive  driving  wheels, 
crank  pins,  car  axles,  rod  bushing,  crank  disks,  various  kinds 
of  bushings,  linings  into  cylinders,  various  parts  of  engines, 
generators  and  motors,  iron  bands  on  wagon-wheel  hubs, 
crank  shafts  into  automobile  fly  wheels,  various  parts  of 
built-up  cranks,  or  any  two  machine  parts  that  have  to  be 
joined  by  forcing  one  into  the  other  with  sufficient  power 
to  prevent  them  ever  becoming  loose. 


TABLE   OF  ALLOWANCES  AND  LIMITS  OVER  STANDARD 

FOR  FORCING   FITS 


HoLx  DiAMirrER,  Inches. 

Shaft  Diaveteb  » 
Hole  Diameter  + 

Limit  Shaft  Di- 
ameter +  OR  — 

.00  to     .49 

.00076 

.00025 

.50to     .99 

.0015 

.0005 

1.00  to  1.49 

.0025 

.0005 

1.50  to  1.99 

.0035 

.0005 

2.00  to  2.49 

.0045 

.0005 

2.50to3.24 

.0056 

.0005 

3.25  to  3.99 

.0065 

'    ,0005 

4. 00. to  4.99 

.0075 

.0005 

5.00  to  5.99 

.0085 

.0005 

6.00  to  8.00 

.0095 

.0005 

Attention,  —  To  avoid  abrasion  and  destruction  of  work, 
lubricate  both  surfaces  with  machine  oil.  For  heavy  work 
use  cylinder  oil,  white  lead,  or  grease. 

39.  Taper  forcing  fits.  —  For  some  classes  of  machinery, 
such  as  marine  and  engine  work,  taper  forcing  fits  are  used. 
The  hole  is  bored  to  a  taper  of  .060"  to  1',  and  the  shaft  ground 
or  turned  the  same  but  large  enough  when  put  together  by 
hand  to  stop  about  one-fourth  to  one-eighth  of  its  length  from 
the  desired  location,  then  forced  to  place.  Large  taper  holes 
are  often  scraped  true  to  gages  before  forcing  the  shaft  into 
place. 

On  some  classes  of  work,  the  hole  is  made  straight  and  the 
shaft  ground  or  turned  to  a  taper  of  about  .001''  to  1'^,  which 
makes  an  effective  fit. 
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40.  Pressures  and  allowances  for  forcing  fits.  —  Formulas 
have  been  deduced  and  tables  made  giving  pressures  required  to 
force  two  parts  together;  these  possess  considerable  value,  but 
serve  only  as  a  guide,  for  the  pressure  required  depends  not  only 
on  the  difference  in  diameters  but  on  the  diameter  and  length 
of  fit|  smoothness  of  both  parts,  material  of  both  shaft  and 
hub|  and  diameter  of  hub.  The  material  will  often  make  a 
difference  of  from  twenty-five  per  cent  to  fifty  per  cent  in  the 
pressure  for  the  same  allowance.  For  this  reason  the  method 
that  is  generally  followed  is  to  make  tables  of  allowances  and 
pressures  for  each  class  of  fits  and  for  different  materials. 

41.  Forcing  presses  for  forcing  fits.  —  The  old  method  of 
making  forcing  fits  is  with  sledge  hammers,  rams,  etc.,  but 
such  methods  are  now  nearly  obsolete  except  for  occasional 
fits,  as  the  process  is  difficult,  dangerous,  and  lacks  uniform- 
ity. The  economical,  easy,  safe,  and  scientific  method  is  by 
hydraulic-power  or  belt-power  presses  of  which  there  are  a 
great  variety  both  vertical  and  horizontal,  small  and  large, 
stationary  and  portable,  to  suit  all  classes  of  work.  Small 
forcing  fits  may  be  made  with  a  mandrel  or  arbor  press. 

42.  To  force  screw  into  bevel  gear.  Fig.  14.  Belt- 
power  forcing  press.  —  This  type  of  press  may  be  used  for 
forcing  fits  between  mandrel  press  work  and  hydraulic  press 
work  and  not  requiring  a  pressure  exceeding  fifty  tons. 

Screw  A  is  keyed,  lubricated,  preferably  with  linseed  oil, 
and  forced  into  bevel  gear  B  by  ram  C,  to  which  motion  is 
transmitted  by  gearing  actuated  by  the  driving  belt  D  and 
controlled  by  hand  wheel  E  which  operates  a  friction  device. 
The  wheel  E  is  used  to  raise  and  lower  the  ram  and  to  con- 
trol the  pressure  through  its  operation  of  a  friction  device; 
the  harder  the  wheel  is  turned  the  greater  the  friction  and  the 
greater  the  pressure  produced.  The  friction  only  acts  on 
the  downward  motion. 

The  plunger  F  which  compresses  glycerine  in  a  chamber  at 
the  end  of  ram  C,  records  the  pressure  in  tons  per  square 
inch  by  means  of  gage  (?. 
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Specifications.  —  The  gear  in  Fig.  14  is  steel  case-hardened ; 
hole  straight,  1^'  diameter;  screw,  crucible  steel;  length  of 
fit,  3';  allowance,  and  taper,  1.250'^  in  diameter  at  end  and 
1.254''  at  shoulder  (ground);  pressure,  8  tons. 

43.  To  force  shaft  into  flange,  forcing  fit.  Fig.  15.  Belt- 
power  forcing  press.  —  Shaft  A  is  keyed,  oiled,  and  forced 
into  flange  B, 

Specifications.  —  Flange,  cast  iron;  hole  1"  diameter;  shaft, 
machine  steel;  length  of  fit,  l^-'^,  straight;  allowance,  .002^ 
to  .0025",  large  (ground);  pressure,  about  3  tons. 

Attention,  —  CJondition  of  surfaces  (smooth  or  rough)  will 
vary  the  pressure. 

44.  To  force  shaft  into  malleable-iron  gear.  — 
Specifications.  —  Malleable-iron  gear;  hole  l^''  diameter; 

length  of  fit,  2")   shaft,  crucible  steel;  allowance  and  taper, 
LISTS''  at  end  and  1.1915''  at  shoulder;  pressure,  5  tons. 

46.  To  force  shaft  into  machine-steel  gear.  — 
Specifications.  —  Machine-steel    gear;     hole    2"    diameter; 
length  of  fit,  b"]  shaft-machine  steel;  allowance  and  taper, 
2.000"  at  end,  2.004"  at  shoulder;  pressure,  13  to  15  tons. 

46.  Shrinking  fits  are  used  to  fasten  a  collar,  sleeve,  crank 
pin,  crank,  or  other  piece  permanently  in  place.  They  differ 
from  forcing  fits  in  manner  of  fitting  only.  The  fit  is  made  by 
heating  the  hollow  piece  until  it  expands  sufficiently  to  go 
on  the  cold  shaft  easily.  The  parts  must  be  put  together 
quickly  or  the  heat  will  expand  the  shaft  and  the  parts  stick 
hard  before  they  are  in  place,  in  which  case  they  should  be 
driven  or  pressed  apart  as  quickly  as  possible.  When  in 
place,  cool  slowly  with  water. 

If  the  proper  shrinkage  is  allowed,  it  will  not  be  necessary  to 
heat  piece  above  a  dull  red,  800®  F. 

For  small  work  the  hole  may  be  standard  and  the  amount 
for  shrinkage  allowed  on  shaft. 
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OR!  VI  NO 
■CLT 


HAND 
WHEEL 


FiQ.  14.  —  Forcing  Screw  into  Bevel  Gear.    Forcinq  Fit. 

Belt-power  Forcing  Press. 


Fio.  15.  —  Forcing  Shaft  into  Flange.    Forcing  Fit. 

Belt-power  Forcing  Press. 
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TABLE  OF  ALLOWANCES   AND  LIMITS  OVER  STANDARD   FOR 

SHRINKING  FITS 


Hols  Diahbter,  Inches. 

Shaft  I>iami:ter  « 
Hole  Diameter  + 

Limit  Shavt  Diam- 
eter +  OR  — 

.00  to     .49 

.00075 

.00025 

.50to     .99 

.0015 

.0005 

1.00  to  1.49 

.002 

.0005 

1.50t6l.99 

.0025 

.0005 

2.00  to  2.49 

.003 

.0005 

2.50  to  3.24 

.0035 

.0005 

3.25to3.99 

.004 

.0005 

4.00  to  4.99 

.0045 

.0005 

5.00  to  5.99 

.0055 

.0005 

6.00  to  8.00 

.0075 

.0005 

47.  To  shrink  tires  on  whe^l  centers.  —  Wheel  centers 
are  turned  standard  and  the  allowance  is  made  in  boring 
the  tire. 

The  allowance  for  shrinkage  in  rings  or  jackets  for  guns  in 
the  United  States  naval  gun  factories  varies  slightly  for  differ- 
ent classes  of  guns,  but  it  is  generally  about  .001^  to  the  inch. 
That  is,  if  the  diameter  is  12''  the  shrinkage  will  be  .012''. 


TABLE  OP    ALLOWANCES  FOR    LOCOMOTIVE   DRIVING  WHEEL 

TIRES   FOR  SHRINKING   FITS 


Wheel  Center 

Diameter, 

Inches. 

Bore  of  Tire  — 

Wheel  Center 

Diameter  — 

Wheel  Center 

Diameter, 

Inches. 

Bore  of  Tire  — 

Wheel  Center 

Diameter  — 

38.00 
44.00 
50.00 

.040 
.047 
.063 

56.00 
62.00 
66.00 

.060 
.066 
.070 

48.  Standard  holes.  —  The  holes  referred  to  in  tables  of 
ftllowances  for  the  various  kinds  of  fits  are  either  bored  or  bored 
and  reamed,  and  are  within  limits  given  in  table  of  •00025^. 
They  are  tested  by  plug  and  limit  gages. 
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TABLE  OF  LIMITS  OF  HOLE   DIAMETERS  ALLOWABLE  UNDER 

AND  OVER  STANDARD 


HoiA  DiAMETEB,  Inches. 

LnoT  Standabd  Diameter 

.00  to  1.24 
1.25  to  2.49 
2.50  to  5.99 
6.00  to  8.00 

+ 

.00025 
.00075 
.001 
.001 

.00025 
.00025 
.0005 
.0075 

49.    Tables  of  allowances  and*  limits   for  standard   fits, 

represent  common  practice,  but  are  not  intended  to  con- 
form to  every  case  that  may  arise  in  fitting.  In  making 
allowances  for  any  fit,  certain  conditions  must  always  be 
'  considered.  For  example,  the  allowances  for  forcing  fits  are 
for  cast-iron  hubs  twice  the  diameter  of  machine-steel  shafts, 
and  subject  to  modifications  for  different  conditions,  as  the 
amount  of  metal  surrounding  the  hole,  the  length  of  hole, 
and  the  elasticity  of  the  metal. 

60.  To  fit  by  trial  and  correction,  and  by  allowance. — When 
only  a  few  pieces  have  to  be  fitted,  fit  by  trial.  But  for 
many  pieces,  fit  according  to  allowance  given  in  tables. 

61.  To  turn  and  file  fits,  and  to  grind  fits. — Work  that  was 
formerly  turned  and  filed  in  the  lathe  is  now  roughed  out  with 
high-speed  steel  tools  and  finished  in  the  grinding  machine. 
This  process  produces  work  quicker,  and  truer,  cylindrically. 
See  p.  701. 

62.  To  produce  standard  fits  with  spring  calipers. —  Fit 

ordinary  calipers  to  a  plug  gage,  reference  rod  or  disk  which 
has  the  proper  allowance.  Turn  and  file  or  grind  shaft  to 
fit  caliper.  Another  method  is  to  use  limit  caliper  gages 
directly  on  work.     See  Limit  Gages,  pp.  223-226. 

63.  To  produce  standard  fits  with  micrometers.  —  Turn 
work  direct  to  diameter  plus  double  depth  of  tool  marks;  the 
allowance  for  filing  with  a  fine  feed  and  sharp  tools  b  from 
.003"  to  .004'^. 
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STANDARD  AND  LIMIT  6A6ES 

64*  Gages  are  instruments  of  reference  for  standardizing 
measurements  and  for  determining  dimensions  exactly  or 
within  limits.    See  Limit  System,  p.  1S03. 

When  a  piece  is  machined  nearly  to  size,  a  gage  is  invalu- 
able for  determining  the  exact  dimension,  the  tightness  or 
looseness  of  the  fit  giving  an  idea  of  its  size. 

66.  Standard  cylindrical  gages,  ring  and  plug.  —  Fijg.  16 
represents  an  accurate  subdivision  of  the  Imperial   yard. 


4iDGty 


Fio.  16.  —  Standard  Ring  and  Plttq  Gaqsb. 


These   gages   are  made  within  various  limits  of  accuracy, 
such  as  .0002^  .000^,  .00005^  .00002''. 

66.  Caliper  gages,  Fig.  17.  —  The  measuring  faces  of  the 


Fw.  17.  —  Caliper  Gaobb. 


outside  gage  are  flat,  the  inside  cylindrical.     For  general  use, 
tlus  gage  is  preferred  to  plug  and  ring  gages. 
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57.  Reference  disk.  Fig.  18,  is  used  for  testing  and  setting 
calipers. 

Attention.  —  As  the  heat  from  the  hand 
will  enlarge  a  gage  perceptibly,  the  body 
of  gages  for  very  accurate  testing  is  often 
covered  with  a  jacket  of  rubber  or  wood, 
or  provided  with  a  hole  to  receive  a  wooden 
handle,  as  rubber  and  wood  are  poor  con- 
ductors of  heat. 

68.  End-measuring  rod,  Fig. .  19,  for 
gaging  rings,  cylinders,  setting  ordinary 
calipers,  etc.    The  ends  are  sections  of 
true  spheres  having  diameters  equal  to  the  length  of  the  rod. 


Fia.  18.  —  Standard 
Reference  Disk. 


r 


*  # 

Standard  End-measuring 
Rod. 


Standard  End-msasube 
Test  Piece. 


Fig.  19. 


59.  End-measure  test  piece,  Fig.  19,  is  used  for  testing 
micrometers,  caliper  gages  and  setting  tools  in  planer  and 
shaper. 

60.  Limit  gage  system  of  measurement.  —  In  the  manu- 
facture of  parts  for  various  classes  of  machines,  there  are  differ- 
ent degrees  of  accuracy  called  limit  or  tolerance  permissible,  de- 
pending on  the  requirements. 

To  make  the  parts  rapidly  and  interchangeably,  a  schedule 
of  permissible  variations  from  nominal  sizes  should  be  planned 
to  save  time  and  confusion.  See  Fits  In  Machine  Construc- 
tion With  Tables  Of  Allowances,  p.  2l4.  To  produce  work 
within  these  limits,  different  kinds  of  working  or  inspection  gages 
are  obtainable. 

Solid  outside  and  inside  limit  gages,  as  at  A  and  B,  Fig.  20, 
are  stamped  with  dimensions  and  directions  for  using. 
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Outside  Liiiit  Gaoe. 


Fig.  20.  B 

Inside  Limit  Gage. 


Adjustable  limit  snap  gages  are  shown  at  A,B  and  C,  Fig.  21 . 
Each  gage  is  provided  with  two  pairs  of  contacts  and  with  a 


Fio.  21.  —  Inspecting  Work  With  Adjustable  Liurr  Snap  Gaqbs. 

setting  plug  gage  covering  both  limits.    The  upper  contacts  are 
adjusted  by  set  and  locking  screws  to  the  maximum  size,  and 

the  lower,  to  the  minimum  size.  To  test 
the  work,  place  it  on  the  upper  contacts  and 
if  by  its  own  weight  or  gravity  it  passes 
the  upper  contacts  and  rests  on  the  lower, 
as  at  A,  Fig.  21,  it  is  within  the  limit  per- 
missible; if  it  does  not  pass  the  upper,  as 
at  By  Fig.  21,  it  is  too  large.  If  the  work 
passes  both  sets  of  contacts,  as  at  C,  Fig.  21, 
it  is  too  small. 

61.  Adjustable  limit  snap-thread  gage, 
Fig.  22,  with  two  sets  of  conical  contacts 
Adjustable  Lmrr  for  determining  the  limits  on  threaded 
Snap-Thread  work,  is  set  and  used  in  the  same  manner 
^^°*'  as  the  plain  gages. 

62.  Special  gages.  —  Various  other  standard  and  special 
gages  are  obtainable. 

Attention,  —  Care  must  be  exercised  to  clean  and  oil  gages  be- 
fore using  and  also  not  to  force  them  into  or  over  work  with  undue 
pressure  or  they  will  wear  excessively  and  soon  become  unreliable. 


Fio.  22.  —  Inspect- 
ing   Work    with 
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Information.  —  To  measure  the  pitch  diameter,  the  conical 
points  are  offset  one-half  the  pitch  of  the  thread. 

W coming.  —  Limit  snap  gages  are  adjusted  to  size  by  set  and 
locking  screws,  and  to  detect  tampering,  recesses  in  back  of  the 
screws  may  be  filled  with  wax  and  sealed. 

TAPER  TURNING  AND  FITTING 

63.  Tapers  are  expressed  as  so  much  per  unit  of  length,  as 
V  per  foot;  that  is,  a  piece  1'  in  length  would  be  l'^  larger  at 
one  end  than  at  the  other,  as  at  ^  and  B,  Fig.  23.     They 


5  jr '_ vy^r 


FiQ.  23.  —  Diagram  roR  Reading  Tapers. 

may  be  expressed  as  so  much  per  foot  from  the  center  line; 
as,  i"  per  foot  from  center  line,  i^  at  A^  and  I''  at  B'y  the 
same  taper  as  V  per  foot.  They  are  also  expressed  in  angular 
measurement  as  at  C,  angle  of  4?  46^  or  as  at  C,  2®  23',  see 
Table  of  Tapers  and  Angles,  p.  1188. 

64.  Tapers,  standard  and  special. — Taper  parts  are  used 
on  nearly  all  machines.  The  Morse  taper  system,  approxi- 
mately I"  per  foot  (see  pp.  233,  234),  is  used  on  drills  and  in 
drilling-machine  and  lathe  spindles;  the  Brown  &  Sharpe  taper 
system,  i^  per  foot  (see  pp.  233, 235),  in  milling-machine  spin- 
dles.    Both  are  designated  by  name  and  numbers. 

The  Jarno  taper  system,  .600^^  per  foot,  is  used  to  some  ex- 
tent in  lathe  and  grinding-machine  spindles.    See  pp.  236, 237. 

Special  tapers  are  used  for  spindle  boxes,  pins,  and  similar 
work. 

66.  Methods  of  turning  taper. — Set  over  footstock,  Fig. 
24,  or  use  a  taper  attachment.  Figs.  28,  29.  The  first 
method  can  only  be  used  for  outside  tapers;  the  others  can 
be  used  for  either  outside  or  inside  tapers. 
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66*  To  calculate  distance  to  set  over  f ootstock.  —  Multiply 
one-half  taper  per  foot  (in  inches)  by  whole  length  of  work 
or  mandrel  (in  feet). 

Example.  — The  Morse  Taper  No.  3,  Fig.  24,  is  .602'^  per 
foot,  length  of  work  8''.    Find  amount  to  set  over  footstock. 


TA^ER.eOS*    TO  t' 


Fia.  24.  —  TuBNiNo  Taper  wtth  Footstock  Set  Over. 


SoltUion.  — 


.602       8  13 " 

—  X-=.2007'or-. 


The  distance  the  centers  enter  the  work  a£fects  this  rule  so 
slightly  that  it  is  ignored. 

67.  To  set  over  footstock  calculated  distance,  unclamp 
footstock  and  rotate  adjusting  screws  to  move  dead  center 
forward  .2007''  or  if'',  as  at  A,  Fig.  24,  measuring  lines  B 
with  dividers  or  rule  set  to  .20''.  See  Table  of  Footstock  Set- 
overs  for  Morse,  and  Brown  A  Sharpe  Tapers,  pp.  238,  239. 

68.  To  calculate  set-over  when  only  length  and  diameters 
are  given,    Rg.  25. 
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fjJr  •  fU:^ 


Fia.  25.  —  Example  im  Lono  Tapbb  Tubnino, 


Formvla.  - 


Total  length 


-X 


Difference  in  diameters 


Length  taper  portion 

=  Set-over. 

Example.  —  To  find  set-over;  total  length  14'  1";  tapered 

portion  4'  2";  difference  in  diameter  9*—  6'=  3'. 

Solution.  —       14'  V  =  169";  4'  2'  -  50*. 

-1^X^=5.07"  (set-over). 

69.  To  use  a  pattern  to  obtain  set-over.  —  If  a  piece  of 
taper  work  has  to  be  duplicated,  use  it  aa  a  pattern  to  obtain 
approximate  set-over  by  mounting  it  on  centers  and  using  a 
Uat  indicator.     See  Tapering  Pulleys,  pp.  428, 429. 

70.  To  turn,  file  and  fit  Horse  taper  Ho.  3  (.602'  to  I'), 
Figs.  26  and  27- 


^' 


Fra.  29-  —  ScHEDULB  Drawimo  of  Tapes  Tubninq  akd  FrrriHO. 


Fia.  27.  —  Morse  Standard  Taper  Ring  Gaoe,  No    3. 
iflcations:  Material,  iron  casting  1*  large;  weight,  2  lb.  8  oi. 
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Time:  Study  drawing  and  schedule  in  advance^  5  min. — Oil  machine, 
4  min.  —  Set  taper,  turn,  file,  and  fit,  45.  min.  (With  blank  prepared.)  — 
Clean  lathe,  3  min.  Total,  57  min.  — (Preparation  ol  blank,  40  mm.  extra.) 

SCHEDULE   OF   OPERATIONS,   MACHINES  AND  TOOLS 


Operations. 


Snag,  center,  rough-square,  recenter, 
finish  square.     See  pp.  803,  804. 

Straight  turn.  Roufi^  one  cut, 
finish,  one  cut.  (Or  use  blank  ma- 
chined to  8'  X  1^'.  Fig.  4.) 


Lay  off  length  of  taper,  (1). 


Set  over  footstock  (forward)  to 
.2007*  or  ^^''  as  in  Fig.  24  or  use 
taper  attachment.  Set  tool 
height  of  centers. 

Rough  turn  ^'  at  small  end, 
one  cut,  (8).  When  within  -f^'  of 
C,  Fig.  24,  release  power  feed  and 
uae  hand  feed  to  within  ^*  of  C. 

Grind  and  oilstone  tool.  Take  a 
trial  cut  about  .004'  to  .005*  (3). 
Piece  will  enter  gage  about  2^*, 
enough  to  determine  fit. 

dean  hole  and  work.  Chalk  line 
along  work  and  test  in  gage  with 
rotating  motion.  If  chalk  line 
shows  contact  throughout  by 
even  rubbing,  taper  is  correct.  If 
only  large  end  bears,  set  footstock 
backward  slightly  or  vice  versa, 
and  take  another  trial  cut .  Repeat 
above  until  taper  is  correct. 

Rough  turn  to  f  |*  one  cut,  (4),  or 
until  it  will  reach  within  -/j"  of 
end  of  gage. 

Regrind  and  oilstone  tool. 

F'mishtum  to  .767"  (.753*  +  .004*) 
at  end,  one  cut  (the  .004"  ia  for 
filing)  or  until  end  of  work  comes 
within  ^'  of  end  of  gage  (5). 

Important.  —  Set  footstock  hack  in 
approximate  alinement,  see  p.  Il6. 

File  lightly  all  over  to  remove  tool 
marks,  (6).  Chalk  line  on  work. 
Test  work  in  gage,  and  file  bright 
spots.  Continue  until  fit  is  uni- 
form and  end  A  is  even  with  end 
of  gage,  B,  Fig.  27,  or  .763*. 


Machines,  Speeds, 
Feeds. 


Centering  machine. 
Engine  lathe,  12* 
to  16*. 


Ist  6r  2d  speed,  or 
35 F. P.M.  Me- 
dium power  feed 
—  80  to  1*. 

3d  speed,  or  50 
F.  P.  M.  Fme 
power  feed  — 
140  to  1*. 


2d  or  3d  speeds,  or 
35  to  60  F.P.M 
Medium  power  feed 

3d  speed,  or  50 
F.P.M.  Fine 
power  feed  — 
140  to  I''. 


Engine  lathe,  4ih 
speed,  or  speed 
lathe,  3d  or  4th 
speed,  or  106 
F.P.M. 


Tools. 


Vise,  chisel,  file,  dog, 

round-nose   tool, 

side  tool,  16^  rake. 

Diamond-point  tool, 

16^    rake,    rule, 

calipers. 

Copper  under  set 
screw  of  dog. 

Vise,  chalk  or  cop- 
per sulphate, 
rule,  scriber. 

Rule,  dividers, 
diamond-point 
tool,    16^    rake. 

Calipers,  rule. 


Round-nose  tool, 
Morse  taper  ring 
gage.  No.  3,  Fig. 
27. 

Round-nose  tool, 
Morse  taper  ring 
gage.  No.  3,  chalk 
or  Prussian  blue. 


Diamond-point  tool, 
15°  rake,  calipers, 
rule. 

Round-nose      tool, 
1'  micrometer. 


8*  or  10*  mill  bas- 
tard file,  file  card, 
Morse  taper  ring 
gage,  No.  3, 
1*  micrometer, 
chalk  or  Prus- 
sian blue. 
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Attention.  —  Set  tool  to  turn  taper  at  exact  height  of  oentcn.  Take 
U|^t  fiaiahing  cuts.  Avoid  ezceaeive  Shag.  For  veiy  accurate  worit,  co«t 
walls  of  gage  with  FruBSiaa  blue  to  test  taper. 

71.  To  turn  taper  vith  taper  tUtachmeat.  Figs.  28.  29- — 
These  attachmenta  are  applied  to  engine  lathes  to  turn  out- 


TuRNiNo  A  Taper  with  Taper  Attachiibnt. 


Fio.  29.  —  Taper  Attachmbnt  Set  to  Torn  a  Taper  or  J'  pkb  Foot. 

side  and  inside  tapers.  The  footstock  does  not  have  to  be 
set  over,  and  the  length  of  the  work  does  not  have  to  be 
considered. 
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SCHEDULE  OF  OPERATIONS 

Figs.  28,  29. 


Guide  bar  A  is  set  to  turn 
taper  of  drill  socket  B,  Stub 
mandrel  C  provides  a  center  for 
hollow  end  of  socket.  Guide  bar 
A  carries  ^bbed  sliding  block  D 
which  is  connected  by  bolt  E  to 
extenaon  F  of  supplementary 
slide  F'  which  forms  the  base  of 
cross  slide  G.  Guide  bar  is 
swiveled  upon  its  base  H  by 
unclamping  screws  L,  L\  Drill 
socket  B  is  to  have  a  Morse 
taper,  No.  4,  .623''  or  T  to  1'. 

To  SH,  —  Rotate  adjusting 
screws  Af ,  M'  until  the  ^adua- 
tions  on  scale  at  N  indicate  the 
taper.    See  JV',  Fig.  29. 

Graduations  on  one  end  of  bar 
g^ve  a  taper  of  Y  to  1',  and  on 
the  other,  A*"  to  1' orin  degrees. 


Fasten  clamp  P  by  bolt  Q  and 
damp  nuts  R,  W  on  screw  S. 
Sliding  block  D  and  slide  T  move 
with  carriage.  Guide  bar  A  and 
base  H  remain  stationary. 

Attention, — Take  trial  cuts 
and  test  in  taper  ring  gage  or 
in  spindle,  and  make  corrections 
by  adjusting  guide  bar.  See 
Taper  Fitting,  pp.  226-230. 

Caution.  —  Take  up  back  lash 
before  each  cut  by  running  car- 
riage back  at  least  i"  beyond 
end  of  work  to  avoid  turning  a 
portion  at  end  straight. 

Note.  —  To  use  lathe  for 
straight  work  without  disturb- 
ing taper  setting,  remove  nut  R 
and  move  clamp  P  away. 


STRAIGHT  TURNING  AND  FITTING 

72.   To  turn  and  file  a  1^  straight  running  fit. 


}:> 


Toprr 

1*  STANDARD  RING  GAGE 


A 


FlQ.  30.  —  SCBEDULB  DRAWING  Or  STRAIGHT  TURNING  AND  FITTING. 


( 


riTTED  TO  GAGE 
RUNNING  FIT 


Fig.  81.  —  ^^  Standard  Ring  Gaob. 
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Speciflcadons :  Material,  iron  casting  i"  large;  weight,  2  lb.  8  os. 

Hardness,  28  to  32  (scleroscope) . 

True  live  center.    Set  dead  center  in  approximate  alinement,  see  p.  116. 

Carbon-steel  cutting  tools.    See  ExceptioUt  p.  205. 

Time :  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe,  4  min. 

— Sat  lathe  straight,  rough  and  finish  turn,  file  and  fit,  45  min.     (With 

blank  prepared.)  —  Clean  lathe,  3  min.    Total,  57  min.     (Preparation  of 

blank,  40  min.  extra.) 

SCHEDULE  OF  OPERATIONS,  MACHINES,  AND  TOOLS 


Operations. 


Machines,   Speeds, 
Feeds. 


Tooi«. 


To  Make  Fit  by  Trial  and  Correction. 


Snag,  center,  rough  square,  recenter 
and  finish  square.     See  p.  2o3. 

Rough  turn  l"+i^".  one  cut,  (1), 
(or  use  plain  part  of  blank  used 
for  taper  turning,  4i"x  1^",  Fig 
27). 

Set  dead  center  in  accurate  aline- ' 
ment  to  turn  straight  using  this 
piece  or  trial  piece  of  equal  length. 
See  pp.  Il6,  ll7. 

Rough  turn  1"+  ^",  one  cut  (1). 


Grind  and  oilstone  tool.  Oil  man- 
drel and  push  in  gage.  Set  cali- 
pers to  large  end  close  to  gage. 
Take  light  cuts  at  end  about  i" 
in  length  until  calipers  fit  work 
slightly  harder  than  on  mandrel. 
Oil  and  try  in  gage.  Fig.  31. 
When  it  enters  about  ■^"  with 
hand  pressure,  wipe  off  oil  and 
take  cut  from  end  to  end  by  re- 
versing work,  (2) ,  one  cut. 

File  a  small  portion  at  end.  Clean 
and  oil  work  and  gage.  Try  in 
gage.  Wipe  off  oil  after  each 
trial.  Continue  fitting  over  whole 
length  in  this  manner,  (3). 


If 


Engine  lathe,  12 
to  16". 


Ist  or  2d  speed,  or 
26  F.  P.  M.  Me- 
dium power  feed 

—  80  to  1". 

3d  speed,  or  50 
F.  P.  M.  Fine 
power  feed — 
140  to  1". 

2d  or  3d  speed,  or 
50  F.  P.M.  Me- 
dium power  feed 

—  80  to  1". 

2d  or  3d  speed,  or 
60  F.  P.  M.  Fine 
power  feed  — 
140  to  1". 


Engine  lathe,  4th 
speed,  or  speed 
lathe,  3d  or  4th 
speed,  or  1 10 
F.  P.  M. 


Dog,  calipers,  rule, 
round-nose  tool. 
side  tool,  15**  rake. 

Copper  under  set 
screw  of  dog, 
d  i  amond-p  o  i  n  t 
tool,  15°  rake, 
calipers,  rule. 

Round-nose  tool,  2" 
micrometer. 


Round-no»e  or  dia- 
mond-point tool, 
15°  rake,  calipers, 
rule. 

Round-nose  or  dia- 
mond-point tool, 
16°  rake,  oilstone, 
calipers,  1"  man- 
drel, 1"  ring  sage. 


8"  or  10"  miU  bas^ 
tard  file,  file  card. 
1"  ring  gage,  ma- 
chine, or  lard  oil. 


Attention.  —  Test  with  calipers  frequently.  Avoid  excessive  filing. 
Test  work  in  both  ends  of  gage.  The  lack  of  oil  when  testing  in  gage 
will  spoil  both  work  and  gage.  Reamed  holes  are  usually  slightly  larger 
at  one  end. 

73.  To  make  a  V  running  fit  by  allowance,  Figs.  30  and 
31. 

(  1  002"  ) 

Turn  to  <  J  qq^„ >  Micrometer  calipers 

and 
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Pta"  \.i.9«>-.    ;    }  Micrometer  csUi«r. 

7tDiagta»»x    «/ Mors*' taper.'. 


Fio.  32. 
7^  Trtftg^"*  oi  Brown  ft  Shorpe  tapers. 


TAPEK  4  IN.  TO  I  FOOT  EXCEPT  NO.IO  WHICH  IS.SI61  PER  FOOT 
FlO.  33. 
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TT.   Table  of  Brown  &  Sharpe  tapers.     For  holes  in  milling 
maclune  spindles,  collets,  and  shanks  of  arbors,  end  mills,  etc. 
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JASNO  TAPERS 

78,  The  Jamo  taper  system  is  O.eW  per  foot  (1  in  20) 
for  all  numbers,  and  the  number  of  the  taper  determines 
all  the  other  dimensions,  as  all  parts  are  functions  of  the 
number.  For  example,  No.  4  taper  is  t^''  at  small  end, 
%"  at  large  end,  and  %"  (or  2")  in  length. 


999981 


Fig.  34.  —  Jarno  Taper  in  Grindino-machine  Spindle. 

As  there  is  ^''  in  diameter  between  consecutive  numbers 
at  small  end  and  Y  at  large  end,  the  number  of  a  taper  can 
be  readily  found  by  rough  measurement  with  rule,  or  rule 
and  calipers.  Some  lathe  and  grinding  machine  manufac- 
turers have  adopted  the  Jarno  taper  for  holes  in  spindles, 
and  others  retain  the  Jarno  taper  per  foot  but  modify  the 
othor  specifications  by  changing  the  diameters  or  lengths  to 
suit  special  conditions. 

79.  Table  of  Jamo  tapers. 

Taper  per  foot  =  .6  inch.    Taper  per  inch  =■  .050  inch. 


1.4- 


JARNO  TAPER  0.60O'  TO  I' 
Na4.  FULL  SIZE 


FlQ.  35. 


.1 


Diameter  of  small  end  =  No-  of  taper 

10 

Diameter  of  large  end  -  No.  of  taper  ^ 

8 

Length  of  taper=  No.  of  taper 

2 
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NUMBBB. 

"A." 

-B." 

1 

2 

.20 

.250 

1 

3 

.30 

.376 

H 

4 

.40 

.500 

2 

5 

.50 

.625 

2i 

6 

.60 

.750 

3 

7 

.70 

.875 

8* 

8 

.80 

1.000 

4 

9 

.90 

1.126 

4* 

10 

1.00 

1.250 

6 

11 

1.10 

1.376 

5* 

12 

1.20 

1.500 

6 

13 

1.30 

1.626 

6i 

14 

1.40 

1.750 

7 

16 

1.50 

1.876 

7* 

16 

1  60 

2.000 

8 

17 

1.70 

2.125 

8i 

18 

1.80 

2.250 

9 

19 

1.00 

2.376 

»i 

20 

2.00 

2.600 

10 

80.  Diagram  of  footstock  setovers  for  Horse ,  and  Brown 
&  Sharpe  tapers. 


CNOVICW 
OF  FOOTSTOCK 


Fig.  36. 
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82,  Number  of  revolutions  required  to  obtain  surface  speeds 
of  from  20  feet  to  70  feet  per  minute. 

Diameters  from  i  Inch  to  24  Inches 


Feet 

per 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

MiN. 

DiAM., 

Inches. 

Revolittions  peb  Minxttb 

i 

152 

191 

229 

267 

305 

344 

382 

420 

458 

496 

535 

f 

101 

127 

152 

178 

203 

228 

254 

279 

305 

330 

356 

1 

76 

05 

114 

133 

152 

172 

191 

210 

229 

248 

267 

H 

68 

85 

102 

119 

136 

153 

170 

187 

204 

221 

238 

U 

61 

76 

91 

106 

122 

137 

15-^ 

168 

183 

199 

213 

1* 

50 

63 

76 

89 

101 

114 

127 

139 

152 

165 

178 

If 

43 

54 

65 

76 

87 

98 

109 

120 

131 

141 

152 

2 

38 

47 

57 

66 

76 

86 

95 

105 

114 

124 

133 

8 

25 

31 

38 

44 

50 

57 

63 

70 

76 

82 

89 

4 

19 

23 

28 

33 

38 

43 

47 

52 

57 

62 

66 

6 

15 

19 

22 

26 

30 

34 

38 

42 

45 

49 

53 

6 

12 

15 

19 

22 

25 

28 

31 

34 

38 

41 

44 

7 

10 

13 

16 

19 

21 

24 

27 

30 

32 

35 

38 

8 

9 

11 

14 

16 

19 

21 

23 

26 

28 

31 

33 

9 

8 

10 

12 

14 

17 

19 

21 

23 

25 

27 

29 

10 

7 

9 

11 

13 

15 

17 

19 

21 

22 

24 

26 

11 

6 

8 

10 

12 

13 

15 

17 

19 

20 

22 

24 

12 

6 

8 

9 

11 

12 

14 

15 

17 

19 

20 

22 

13 

5 

7 

8 

10 

11 

13 

14 

16 

17 

19 

20 

14 

5 

6 

8 

9 

10 

12 

13 

15 

16 

17 

19 

15 

5 

6 

7 

8 

10 

11 

12 

14 

15 

16 

17 

16 

4 

6 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

16 

18 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

19 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

20 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

21 

3 

4 

5 

6 

7 

8 

9 

10 

10 

11 

12 

22 

3 

4 

5 

6 

6 

7 

8 

9 

10 

11 

12 

23 

3 

4 

4 

5 

6 

7 

8 

9 

10 

10 

11 

24 

3 

4 

4 

5 

6 

7 

7 

8 

9 

10 

11 
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83.  Number  of  revolutions  required  to  obtain  surface  speeds 
from  75  feet  to  135  feet  per  minute. 

DlAUJETEBS    FROM  ^  IncH   TO   24  iNCHXa 


Feet 

FEB 

76 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

Mix. 

DiAM., 

Incheb. 

llBTOLI7TI02«B  FSB  MiNXTTB 

i 

573 

611 

649 

687 

726 

764 

802 

840 

878 

916 

955 

f 

381 

406 

432 

457 

482 

508 

535 

560 

586 

612 

637 

1 

286 

305 

324 

344 

363 

382 

401 

420 

439 

458 

477 

H 

255 

272 

289 

306 

323 

340 

357 

374 

391 

408 

425 

H 

228 

245 

260 

274 

290 

306 

321 

336 

351 

367 

382 

li 

191 

203 

216 

229 

241 

254 

266 

280 

292 

306 

318 

If 

163 

174 

185 

196 

207 

218 

238 

240 

250 

262 

273 

2 

143 

152 

162 

172 

181 

191 

200 

210 

219 

229 

238 

3 

95 

101 

108 

114 

121 

127 

133 

140 

146 

153 

159 

4 

71 

76 

81 

86 

90 

95 

100 

105 

109 

114 

119 

5 

57 

61 

64 

68 

72 

76 

80 

84 

87 

91 

95 

6 

47 

51 

54 

57 

60 

63 

67 

70 

73 

76 

79 

7 

40 

43 

46 

49 

51 

54 

67 

60 

62 

65 

68 

8 

35 

38 

40 

42 

45 

47 

50 

52 

55 

57 

59 

9 

31 

34 

36 

38 

40 

42 

44 

46 

48 

51 

63 

10 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

47 

11 

26 

27 

29 

31 

33 

34 

36 

38 

40 

41 

43 

12 

23 

25 

27 

28 

30 

31 

33 

35 

36 

38 

39 

13 

22 

23 

25 

26 

27 

29 

30 

32 

33 

35 

36 

14 

20 

21 

23 

24 

25 

27 

28 

30 

31 

32 

34 

15 

19 

20 

21 

23 

24 

25 

26 

28 

29 

30 

31 

16 

17 

19 

20 

21 

22 

23 

25 

26 

27 

28 

29 

17 

16 

17 

19 

20 

21 

22 

23 

24 

25 

26 

28 

18 

15 

16 

18 

19 

20 

21 

22 

23 

24 

25 

26 

19 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20 

14 

15 

16 

17 

18 

19 

20 

21 

22 

22 

23 

21 

13 

14 

15 

16 

17 

18 

19 

20 

20 

21 

22 

22 

13 

13 

14 

15 

16 

17 

18 

19 

19 

20 

21 

23 

12 

13 

14 

15 

15 

16 

17 

18 

19 

19 

20 

24 

11 

12 

13 

14 

15 

16 

16 

17 

18 

19 

19 

Atiention,  —To  calculate  aay  cutting  speed,  see  pp.  145-148. 
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84.  Time  required  for  tool  to  travel  1"  iK^en  feed  is  y^^  P^ 
reyolution. 


SUBTACB  SmUM 

IN 

Pm 

PBB 

1  MlNDTI 

• 

DiAM., 

1 

DUM., 

Incbib. 

1 

1 

1 

1 

iMCmB. 

20 

26 

ao 

\ 

85 

40 

46 

50 

60 
Min  Fee 

MinSeo 

MinSec 

Min 

SooMiuSee 

MiaSeo 

Min 

8ec|MinSee 

i 

0  20' 

0 

16 

0 

13 

0 

11 

0 

10 

0 

9 

0 

8 

0 

7 

\ 

t 

0  26 

0 

20 

0 

16 

0 

14 

0 

12 

0 

11 

0 

10 

0 

8 

/• 

0  29 

0 

23 

0 

20 

0 

17 

0 

15 

0 

13 

0 

12 

0 

10 

\ 

0  34 

0 

27 

0 

23 

0 

20 

0 

17 

0 

15 

0 

11 

0 

11 

/< 

\ 

0  39 

0 

31 

0 

26 

0 

22 

0 

20 

0 

17 

0 

16 

0 

13 

* 

A    0  44 

0 

36 

0 

29 

0 

25 

0 

22 

0 

20 

0 

18 

0 

15 

r- 

r    0  49 

0 

39 

0 

33 

0 

28 

0 

25 

0 

22 

0 

20 

0 

16 

»    0  64 

0 

43 

0 

36 

0 

31 

0 

27 

0 

24 

0 

22 

0 

18 

u 

i 

0  69 

0 

47 

0 

39 

0 

34 

0 

29 

0 

26 

0 

21 

0 

20 

i 

i 

1  4   0 

61 

0 

43 

0 

36 

0 

32 

0 

28 

0 

28 

0 

21 

1 

• 
■ 

1   9   0 

66 

0 

46 

0 

39 

0 

34 

0 

30 

0 

28 

0 

23 

1 

1  14   0 

69 

0 

49 

0 

42 

0 

37 

0 

83 

0 

2D 

0 

26 

1 

1 

1  19  :  1 

3 

0 

62 

0 

46 

0 

39 

0 

35 

0 

31 

0 

26 

1 

1 

1  28 ;   1 

11 

0 

69 

0 

50 

0 

44 

0 

39 

0 

35 

0 

29 

1 

1 

1  38  ,  1 

18 

6 

0 

56 

0 

49 

0 

43 

0 

39 

0 

33 

1 

1 

1  48  ;  1 

26 

12 

1 

2 

0 

64 

0 

48 

0 

43 

0 

36 

1 

1 

•  1  68  i  1 

34 

18 

7 

0 

69 

0 

52 

0 

47 

0 

39 

1 

I 

'281 

42 

25 

«  X 

13 

1 

4 

0 

57 

0 

51 

0 

42 

1 

1 

!  2  18  1  1 

60 

31 

19 

1 

9 

1 

0 

55 

0 

46 

1 

1 

2  27 

1 

68 

38 

24 

1 

14 

5 

0 

59 

0 

49 

1 

2    ;  2  37 

2 

6 

46 

30 

1 

19 

9 

1 

3 

0 

62 

2 

2 

2  47 

2 

13 

61 

35 

1 

23 

14 

1 

7 

0 

66 

Si 

2 

2  66 

2 

21 

68 

41 

1  1 

28 

19 

1 

11 

0 

69 

^f 

2 

3   8 

2 

29 

4 

46 

1 

33 

23 

1 

15 

1 

2 

21 

1}    . 

3  16 

2 

37 

10 

1 

52 

1 

38 

27 

1 

19 

6 

II 

3  36 

2 

53 

24 

2 

3 

1 

48 

* 

36 

1 

27 

12 

3 

3  56 

3 

9 

37 

2 

15 

1 

58 

44 

1 

34 

18 

3 

31 

4  16 

3 

24 

50 

2 

26 

2 

8 

53 

1 

42 

25 

3i 

li 

4  86 

3 

40 

3 

2 

87 

2 

18 

2 

2 

1 

50 

82 

al 

4  64 

3 

56 

16 

2 

48 

2 

27 

2 

11 

1 

58 

38 

4 

6  14 

4 

11 

29 

2 

59 

2 

37 

2 

19 

2 

6 

44 

4 

4i 

6  33 

4 

26 

42 

3 

10 

2 

47 

2 

27 

2 

13 

61 

4i 

tl 

6  62 

4 

42 

66 

3 

21 

2 

66 

2 

37 

2 

21 

1 

67 

n 

e  12 

4 

58 

9 

3 

32 

3 

6 

2 

45 

2 

29 

2 

3 

6    :  6  32 

5 

14 

21 

3 

4i 

3 

16 

2 

54 

2 

37 

2 

11 

6 

Gi 

7  12 

5 

46 

47 

4 

8 

3 

37 

3 

11 

2 

54 

2 

24 

51 

« 

7  52 

6 

18 

12 

4 

29 

3 

66 

3 

28 

3 

9 

2 

31 

6 

6i 

8  33 

6 

42 

39 

4 

52 

4 

17 

3 

46 

3 

25 

2 

50 

H 

7 

9  10 

7 

20 

9 

6 

14 

4 

35 

4 

4 

3 

40 

8 

3 

7 

7* 

9  49 

7 

51 

32 

5 

39 

4 

54 

4 

21 

3 

68 

8 

16 

H 

8 

10  28 

8 

22 

59 

5 

68 

6 

14 

4 

89 

11 

3 

29 

8 

8i 

Jl   7 

8 

54 

25 

d 

20 

6 

34 

4 

66 

27 

3 

43 

SI 

9 

11  46 

9 

25 

61 

6 

42 

6 

53 

6 

14 

42 

55 

Q 

0* 

12  25 

9 

M 

17 

7 

5 

6 

12 

6 

32 

68 

9 

H 

10 

13   5 

10 

28 

43 

7 

30 

6 

32 

6 

49 

4 

22 

10 

lOi 

13  44 

10 

59 

2 

7 

51 

6 

52 

6 

9 

28 

35 

10* 

11 

14  29 

11 

31 

34 

8 

13 

7 

12 

6 

23 

45 

47 

11 

11* 

16   2 

12 

a 

10 

2 

8 

86 

7 

31 

6 

41 

1 

1 

11* 

12 

16  41 

12 

35 

10 

28 

8 

58 

7 

50 

6 

58 

18 

14 

12 

12* 

16  21 

13 

0 

10 

56 

9 

21 

8 

10 

7 

16 

31 

27 

J?* 

13 

17   6 

13 

36 

11 

26 

9 

44 

8 

30 

7 

34 

50 

40 

13 

13* 

17  40 

14 

7 

11 

41 

10 

0 

8 

49 

7 

61 

3 

53 

131 

14 

18  20 

14 

40 

12 

12 

10 

27 

9 

7 

8 

8 

20 

6 

U 

14* 

18  60 

15 

11 

12 

40 

10 

50 

9 

29 

8 

26 

36 

19 

K* 

16 

19  38 

16 

41 

13 

5 

H 

10 

9 

49 

8 

43 

60 

32 

15 

16* 

20  10 

16 

18 

13 

31 

U 

35 

JO 

9 

9 

1 

8 

9 

^ 

44 

161 

16 

20  66 

16 

46 

13 

58 

U 

67 

10 

29 

9 

18 

8 

23 

68 
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SECTION  3 

LATHE  WORK 

lAthe  Tools  for  Steel  or  Wrought  Lroiu    Holders  and  Cutters.    Toming 

SteeL    Cutting-off  Tools.    Threading  or  Screw  Cutting.    Bolt  and 

Nut  Making.     Making  a  Tensile  Test  Specimen.     Making  a 

Stud.    Table  U.  S.  S.  Bolt  Heads,  etc.    International  and 

French  Standard  Threads.    Indexing  in  Engine  Lathe. 

Making  an  Engine  Lathe  live  Center. 

Automobile  Screws  and  Nuts. 

LATHE  TOOLS  FOR  STEEL  OR  WROUGHT  IRON 

1.  More  rake  is  used  on  these  tools  than  on  those  used  for 
cast  iron. 

2.  Right-side  tool.  —  Top  face  A,  Fig.  1,  is  given  a  side 
rake  of  about  35^  and 

side  clearance  of  10®. 
A  lubricant  may  be  used, 
but  good  results  are  ob- 
tained in  squaring  and 
turning  small  work  dry. 
See  Lubricants  for  Cut- 
ting Tools,  pp.  148-150. 

3.  Step  method  of  squaring.  —  To  square  a  rough  end  or 
remove  extra  length,  the  step  method  is  used:  Set  side  tool 
about  95^  from  axis  of  work  as  shown  in  Fig.  2,  which  gives  a 
clearance  of  about  5°  for  rough  squaring.  The  side  tool, 
Fig.  2,  is  fed  inward  about  tV">  *^6^  f®d  by  hand  long, 
feed.  This  cuts  the  first  step,  as  at  1 .  The  process  is  repeated 
at  2,  and  so  on  to  the  countersink.  Then  a  continuous  rough- 
ing cut  is  taken  outward.  When  a  forging  or  stock  for  a 
shaft,  or  spindle,  is  extra  long,  the  first  end  is  rough  squared 


RICNT  SIOC 
TOOL  'OR 
•TCCL  OR 
WROUGHT  IRON 


B  C 

Fio.  1.  —  Side  Tool  for  Squarino 
Steel  ou  Wrought  Iron. 


•*»•.•■ 


I.  Mt. 


«fM  nw 


Fig.  2.  —  Step  Method  of  Squabino. 


801 


FiQ.  3.  —  Method 
of  Squaring 
Large  Amount 
OF  Stock. 
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in  the  regular  way,  and  the  second  end  by  the  step  method,  as 
at  A,  Fig.  3.  The  stem  left  is  chipped  and  filed  off.  The 
ends  are  recentered  and  finish  squared.  If  extra  length 
exceeds  l^  a  cutting-off  tool  may  be  used. 

For  finish  squaring  set  side  tool  about  93^  from  axis  of  work, 
which  gives  a  clearance  of  about  3**,  and  feed  outward. 

Information.  —  On  some  classes  of  work  where  length  is  not 
important,  the  ends  are  chamfered  and  all  squaring  omitted  or 
the  work  is  only  rough  squared  and  finish  squaring  omitted. 

4.  Right  diamond-point  tool.  —  For  machine  steel  or 
wrought  iron  the  top  face  A,  Fig.  4,  is  given  a  combi- 
nation of  front  and  side  rake  of  about  35^  for  roughing  or 
finishing.  For  carbon  steel 
(annealed)     it     is     usually  s^^^ 

given  less  rake,  25°  or  30°, 
and  the  cutting  speed  re- 
duced. 


RIOHT  OIAMONO 

POINT  TOOL 
FOR  STEEL  OR 
WROUGHT  IRON 


8  c 

Fig.  4.  —  Diamond-point 
Tool  for  Turning  Steel 
OR  Wrought  Iron. 


Fig.  5.  —  Rough  Turning 
Steel  or  Wrought  Irok. 
Good. 


A  BAD 
HOUOHING  CHIP 


5.  To  turn  with  a  diamond-point  tool,  —  Fig.  6  shows  a 

diamond-point  tool  taking  a  roughing  cut  on  machinery  steel 

or  wrought  iron. 

6.  Steel  or  wrought-iron 
chips.  —  In  Fig.  5  a  chip 
cut  by  a  tool  with  35®  rake, 
which  produces  a  good  sur- 
face, is  shown,  while  in  Fig. 
6  the  straight  broken  chip 
is  cut  by  a  tool  without  rake, 

which   requires    more  power  and  leaves  a  ragged  surface. 

Only  the  inexperienced  would  use  a  tool  without  rake  for 

squaring  and  turning  steel  or  wrought  iron. 


mOHT  DIAMOND 
POINT  TOOL 


Fig.  6.  —  Rough  Turning  Steel 
OR  Wrought  Iron.    Bad. 


LATHB  TCX>LS  FOR  STEEL  OR  WROUGHT  IRON       gQS 


7,    A  small  roughing  tool,  substitute  for  diamond-point,  as 
in  Fig.  7y  is  often  used  in  roughing  and  finishing  steel  or 


MOlMIHlRO  CUT 


Fio.  7.  —  RouoH  Turning  Steel  or  Wrought  Iron, 

wrought  iron.  It  may  be  used  for  heavy  cuts  on  cast  iron. 
It  is  ^ven  considerable  side  clearance,  see  end  view,  which 
shows  at  il  a  section  taken  at  BC,  The  point  is  shaped  as 
shown  at  D  and  E. 

8.   A  large  roughing  tool  for  steel  or  wrought  iron  is  shown 
in  Fig-  8. 


"^5. 


Fra*  8. — Rough  Turning  Steel  or  Wrought  Iron. 
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9.  Large  rotighing  tool  ground  from  bar.  —  Fig.  9  shows  a 
heavy  roughing  cut  on  a  piece  of  tough  nickel  steel  taken 


az:) 


STCLLITE 
CUTTER 


MACHINE 
STEEL 


FiQ.  9.  —  Rough  Turning  Steel  or  Wrought  Iron. 

with  a  large  roughing  tool  made  of  high-speed  steel  and  ground 
from  the  bar.    See  Stellite,  p.  3 10. 


"^•JSSVfS 


FINISHING  COT 


Fig.  10.  —  Finishing  Steel 
OR  Wrought  Iron. 


Fig.  11.  —  Finishing  Steel 
or  Wrought  Iron. 


10,  To  finish  turn  steel  or  wrought  iron.  —  The  diamond- 
point  tool  in  Fig.  10,  with  a  fine  feed,  is  best  adapted  to  use 
for  finishing.  To  save  time,  small  and  large  square-nose  finish- 
ing t.ools,  Figs.  11, 12,  are  often  used  on  large  work  with  a  lubri- 
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cant,  light  cut  and  coarse  feed.  The  tools  drag  a  little;  that 
is,  the  back  comers  are  set  to  cut  deeper  than  the  front  corners 
to  avoid  chattering.     See  Ay  Fig.  12. 

11.  Spring  finishing  tool.  — 
Fig.  13  shows  a  high-speed  steel 
spring  tool  taking  a  light  finishing 
cut  with  a  lubricant  on  a  shaft 
of  nickel  steel. 

AfUMion.  —  Broad-nose  tools 
have  a  great  tendency  to  chatter 
and  produce  a  rough  corrugated 
surface  caused  by  the  long  cutting 
edge,  and  made  worse  by  frail, 
slender  work,  loose  spindle  bear- 
ings and  loose  cross  slide. 

12.  Action  of  spring  tools.  — 
Broad-nose  finishing  tools  have 
a  tendency  to  dig  into  the  work.  The  curved  portion  of 
tool  in  Fig.  13  serves  as  a  spring,  and  when  the  cutting  edge 
is  set  at  the  height  of  center,  it  will  spring  away  from  rather 


::^0 


B 

Fia.  12.  —  Finishing  Steel  or 
Wrought  Iron. 
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Fig.  13.  —  Finishing  Steel  or  Wrought  Iron. 

than  into  the  work  when  a  hard  spot  is  encountered  as  the 
pivoting  point  is  above  the  center.  The  success  of  spring 
tools  depends  upon  having  the  proper  amount  of  spring  in 
proportion  to  length  of  cutting  edge  and  diameter  of  work. 
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13.  A  left  side  tool  is  shown  in  Fig.  14.  It  is  ground 
with  the  same  angles  as  the  right  side  tool  and  is  used  for 
squaring  left  shoulders. 


Fio.  14.  —  Lbft  Side  Tool  for  Steel  or  Wrought  Irok. 

l4.  A  left  diamond-point  tool  is  shown  in  Fig.  15.  It  ia 
used  for  turning  from  left  to  right. 

16.  A  right  half -diamond  point  tool  is  shown  in  Fig.  16.  A  is 
its  top  face.  It  can  be  used  to  turn  up  to  and  to  square  a  shoulder. 


Fio.  15.  —  Left  Diamond-point  Fig.  16.  —  Half  Diamond-point 

Tool  for  Steel  or  Wrought  Tool  for  Steel  or  Wrought 

Iron.  Iron. 

HOLDERS  AND  CUTTERS 

16.  Holders  with  inserted  cutters  or  bits»  in  Chart;  Fig.  22, 
are  displacing  forged  tools  to  a  large  extent.  The  cutters  are 
high-speed  steel  or  stellite,  see  p.  3 10,  and  obtainable  square, 
round,  etc.,  2"  to  3"  in  length,  hardened  and  ready  to  grind 
or  in  luihardened  bars,  which  are  cut  by  nicking  all  four  sides 
with  a  grinding  wheel  and  breaking  ofif  in  a  vise.  See  Frin- 
ciples  of  Machine  Work.  The  cutting  angles  are  the  same  as  on 
forged  tools,  and  a  student  should  become  familiar  with  forged 
tools  before  using  holders  and  cutters. 

17.  Holders  and  cutters  for  cast  iron,  Fig.  17.  —  Cutter  or 
bit  A  is  held  at  an  angle  of  20^  in  holder  B  and  is  seciired  by 
screw  C  with  short  wrench  D. 

To  turn  cast  iron  the  end  of  the  cutter  is  shaped  like  a  right 
diamond-point  tool  as  at  E  and  for  cutting-in,  facing,  or 
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squaring,  the  tool  is  shaped  like  a  left  diamond-point  tool  as 
at  Pf  and  used  as  O. 

18.  Holders  and  cutters  for  steel  or  wrought  iron,  Fig.  18. 
—  Cutter  or  bit  A  is  held  at  an  angle  of  20^  in  holder  B  and 
is  secured  by  binder  C 


■OWM  SQUAAmO. 


•OIMH  TUHNikO. 


Fig.  17. — Holdbbs  and  GmrrBRS  fob  Cast  Ibok. 

To  turn  steel  or  wrought  iron  the  cutter  is  shaped  like  a 
right  diamond-point  tool  with  25*"  to  30*^  rake  as  at  D.  To 
square  steel  or  wrought  iron  the  cutter  is  shaped  like  a  right 
side  tool  with  25''  to  SO""  rake  as  at  E,  and  used  as  at  F.  See 
Method  of  Squaring,  p.  3oi. 


CUTTf »  m  UT, 
HIOM  SMIID  tTBIL 
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Fig.  18. — Holdbbs  and  Cuttbbs  for  Steel  ob  Wrouqht  Ibon. 

Fig.  20  shows  at  D,  E,  and  F  some  uses  to  which  straight 
holders  and  cutters  may  be  put;  and  Fig.  21  shows  some  uses 
of  the  right  and  left  bent  or  offset  holders  and  cutters  G  and  H» 
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19.  Useful  forms  of  cutters.  —  For  convenience,  one  should 
have  a  number  of  cutters  ground  to  suitable  cutting  angles 
for  different  materials  and  for  different  operations,  as  /,  J, 
K,  L,  M,  N,  Fig.  19. 
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FiQ.  19.  —  Useful  Forms  of  High-speed  Steel  Gutters. 
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Fig.  20.  —  Operations  with 
holdebs  and  gutters. 
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Fia.  21.  —  Sqcjarinq  or  Facing 
WITH  Offset  Tooia. 


CHART  OF  LATHE  TOOL  HOLDERS 
FOn  VARIOUS  FORMS  OF  HIGH  SPEED  STEEL  CUTTERS 
OUTSIDE  TURNING  AND  THREADING 
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Fio.  22. 
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20.  ffigh-speed  steel  in  general  is  made  by  alloying  iron 
with  tungsten  and  chromium  or  molybdenum  and  chromium. 
In  some  brands  other  ingredients  are  used  such  as  vanadium, 
manganese,  etc.  The  different  kinds  are  hardened  by  heating 
from  1800°  F.  to  2200°  F.  and  cooUng  in  air  blast  or  oU.  High- 
speed steel  has  a  much  greater  cutting  efficiency  than  carbon 
steel.  See  Principles  of  Machine  Work.  It  is  largely  used 
for  cutters  in  tool  holders,  for  engine  and  turret  lathe  work, 
screw  machines,  planers  and  shapers. 

Bars  and  disks,  annealed,  are  obtainable  for  making  twist 
driUs  and  milling  cutters. 

21.  Stellite,  a  superior  high-speed  cutting  metal,  is  an  alloy 
of  cobalt,  chromium,  tungsten  and  molybdenum  in  varying 
proportions.    Since  it  contains  no  iron  it  is  hot  a  steel. 

It  is  cast  in  bars  and  has  a  scleroscopic  hardness  of  about 
70.  The  cutters  are  used  in  tool  holders,  see  Figs^  17,  18,  or 
welded  or  brazed  to  a  machine-steel  shank  to  eliminate  break- 
age.   See  Ay  Fig.  9. 

Round-nose  cutters  are  preferred,  and  sharp  points  avoided. 

Owing  to  its  brittleness,  stellite  should  not  be  used  for  planer 
or  sharper  work  but  for  lathe  work  where  the  cut  is  continuous. 

The  cutter  should  not  project  more  than  one-hair  inch  beyond 
holder,  should  fit  well  on  the  bottom  and  be  tightened  only 
enough  to  give  it  a  firm  hold. 

TURNING  STEEL 

22.  To  make  plain  machine  handlei  Fig.  23. 

Speciflcatioas:  Material,  ma- 
chine steel,  tV'  to  i"  large; 
weight,  1  lb.  5.  oz. 

Hardness,  15  to   16   (sclero- 
scope). 
^^-QMSJ  (^  ^^^^  ^^^  Carbon-steel    cutting    tools. 

Fig.  23. -Schedule  Drawing.       ^  Exception  p.  205. 

Lubncant,  dry  or  lard  oil. 
While  a  lubricant  may  be  used  in  all  machining  operations  on  steel 
or  wrought  iron,  it  is  best  to  omit  the  lubricant  when  squaring  (side 
tool)  or  turning  (diamond-point  tool)  small  work. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  — Oil  lathe, 
4  min. —  Center  and  Square,  14  min. —  Rough  and  finish  turn,  square 
shoulder  and  file,  27  min.—  Clean  lathe,  3  min. —  Total,  53  min. 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opkbationb. 


PQo  stem  off  ends. 

Center  to  ^",  (1),  (3),  hand  or 
machine  method. 

See  that  live  center  is  nearly  true 
and  dead  center  in  approxi- 
mate alinement.    See  p.  1 1 0. 

Oil  bearings. 

Rough  square  (S) ,  reverse  work 
on  centers  and  repeat  on  (4) , 
by  step  method  to  4§"  -j- 
^".    See  p.  Soi. 

Recenterto^^  («).(•)• 

Finish  square  (grind  tool),  to 
4J".  (7).  (8). 

Ron^  torn  to  1  A"  +  A".  (•). 
one  cut.  Turn  half  way,  re- 
verse and  turn  other  half. 

Draw  lino  \"  from  one  end  '(!•) , 
for  length  of  reduced  part. 

Rough  turn  to  f"  +  ^".  (11). 
and  within  ^"  of  line  (!•), 
two  or  three  cuts. 


Rough  square  shoulder   {It). 

See  p.  l32. 
Finish  turn  (grind  tool),  to  f 

(IS),  one  cut. 


ff 


Finish  square  (grind  tool) 
shoulder  to  length  (14). 

Finish  turn  to  l^",  (IS),  one 
cut.  Turn  half  wsy,  reverse 
and  turn  other  hslf . 

File  to  remove  tool  marks  (16) , 

(17). 


Sismp  name  on  large  end. 


Machines,  Speeds, 
Feeds. 


Viae. 

Speed  lathe  or  center- 
ing machine. 

Engine  lathe,  12"  to 
16". 


2d  speed,  or  25  F.P.M. 
Hand  feed. 


Speed  lathe,  3d  speed. 

Engine  lathe,  2d  or  3d 
speed  or  50  F.P.M. 
Hand  feed. 

Ist  or  2d  speed,  or  25 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

Vise. 

Engine  lathe,  Ist  or 
2d  speed,  or  25 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

2d  or  3d  speed,  or  25 
F.P.M.  Hand  feed. 

3d  speed,  or  50  F.P.M. 
Fine  power  feed  — 
140  to  1". 


4th  speed,  or  175 
F.P.M.,  or  speed 
lathe,  3d  or  4th 
speed. 

Vise,  copper  jaws. 


Tools. 


Bsstard  or  2d-cut 
file. 

A"  driUt  60°  counter- 
sink, rule,  lard  oil. 


Machine  oil. 

Dog,   side   tool   35'' 

rake,         calipers, 

rule. 

60^         countersink, 

rule,  lard  oil. 
Side  tool  35^  rake, 

calipers,  rule. 

Diamond-point  tool 
35°  rake,  calipers, 
rule. 

Copper        sulphate, 

scriber,  rule. 
Dog,   copper   under 

set  screw. 


Side  tool  35"^  rake, 

rule. 
Diamond-point  tool 

35**  rake,  calipers, 

rule. 
Side  tool   35°  rake, 

rule. 
Diamond-point  tool 

35°  rake,  calipers, 

rule. 
8"  or  10"  mill-bas- 
tard file,  file  card. 


i"  steel  letters,  ham- 
mer. 


Attention. — Turn  to  dimensions  with  no  allowances  for  filing  or 
fitting  unless  reduced  part  (13)  is  to  be  a  driving  fit. 

Note, — This  handle  may  be  nurled  or  formed  to  suit  conditions. 
See  pp.  437,  835,  636. 
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23.   Double  holder. — Fig.  24  shows  a  "home-made"  double     . 
tool  bolder  A,  facing  both  sides  of  blank  B  in  one  operation.     I 


FiQ.  24.  —  Facino  Ggab  Blank  with  DonBLB  Holder  Ain>  Cutters. 
Cutters  C,  C'  are  adjusted  to  cut  as  desired,  then  clamped  by 
screws  D,  Jy. 

For  duplicate  pieces,  clamp  lathe  carriage  and  use  index 
pointer  on  mandrel  press  to  locate  blank  on  mandrel. 

21.   Two  forged   tools  for  facing.  —  Two  bent   tools    A 


Fio.  25.  —  Facinq  Goar  Blank  with  Two  Foroed  Tools. 
and  A',  Fig.  25,  held  in  two  tool-posts  B  and  B'  or  by  a 
bolt  and  strap,  may  be  used  to  face  the  sides  of  gear  blank  C. 
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CDTTING-OFF  TOOIfl 
26.    Cwttiiig-oflE  tool.  —  Fig.   26  showa  a  cutting-off  tool 
for  all  metals.     A  ia  its  top  face.     For  clearance  it  is  made 


Fio.  26.  —  CtnriNo-oi^  Tool  for  All  Hbtau. 

wider  at  the  point,  as  shown.     For  steel  or  wrought  iron  s 
lubricant   must   be  used,  and  the  tool  is  often  given  front 
take.     For  cast  iron  or  brass  the  tool  ia  used  dry.     The  cut-   ■ 
ting  speed  is  the  same  as  for  rough  turning. 

Cutting-off  Btocb.  — Thetoolisusedcloseto  the  chuck  jaws, 
aa  in   Kg.  27,  and  should  never  be  used  to  cut  off  stock 


Fio.  27. — CmriNa-OFP  Stock  in  Engine  Lathk. 

more  than  one  diameter  of  stock  away  from  chuck  jawa  lest 
it  catch  and  break  and  also  strain  the  chuck.  Do  not 
attempt  to  sever  stock  completely,  as  in  Fig.  28,  but  Gmsh 
cutting  with  a  chisel  or  back  saw.  Elg.  29  shows  an  offset 
cutting'Off  tool  holder  and  cutter. 


814 


ADVANCED  MACHINE  WORK 


Fig.  28.  —  How  to  Break  a  Cutting-off  Tool. 


.   FiQ.  29.  —  GuTTiNo-oFP  Tool  Holder  and  Cutter. 

26.  To  prepare  two  shaft  blanks,  one  to  turn  and  file 
running  and  driving  fits  (Fig.  30),  and  one  to  grind  running 
and  forcing  fits  (Fig.  31). 
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Fig.  30.  —  Preparing  Shaft  Blank  fob  Turning  and  Filing  fm* 

Schedule  Drawing. 
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Fig.  31.  —  Preparing  Shaft  Blank  for  GBiNDiNa  Fub. 

Schedule  Drawing. 
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Spedflcatioiis:  Material,  machine  steel  tV'  to  )'  large;  weight,  2  lb. 
10  oi.  each.     Machine  dry,  or  use  lard  oil. 
For  heat  treatment  see  Principles  of  Machine  Work. 
Hardnessy  15  to  16  (scleroecope). 

True  live  center.     Set  dead  center  in  approximate  alinement,  see  p.  lie. 
High-speed  steel  or  stellite  cutting  tools.     See  Exception^  p.  2o5. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — Oil  lathe,  4  min. 
— Center  and  square  both  shafts,  28  min. — Rough  turn  both  shafts,  30 
min. —  (Center  and  square  one  shaft,  15  min.  — Rough  turn  one  shaft,  16 
min.)    Clean  lathe,  3  min. 

MULTIPLE  SCHEDULE  OF  OPERATIONS, 
MACHINES  AND  TOOLS 


Operatiomb. 


Center  (1),  (2),  Fig.  30  and  (1),  (2), 
Fig.  31  to  A^. 


Roug^  square  (8),  (8),  then  (4),  (4) 
to8A'. 


Reoenter  to  -ft'  and  finish  square 
(3),  (3).  then  (4).  (4). 

liark  lines  approximately  equidis- 
tant from  ends,  (ft),  (ft).  Rough 
turn  to  LOTS'  (6),  (6).  Reverse 
and  turn  (7),  (7).  One  or  two 
cuts. 

Mark  lines  at  (8),  (8). 

Roughtani(9),(9)to(8),(8).  One 
cut. 


Cut 


to  -ff^'  diameter,  (10). 


To  grind  fito,  see  pp.  7 16,  720. 

To  turn  and  file  fits,  eee  pp.  8l6,  8l7. 


Machines,  Speeds, 
Feeds. 


Centering  machine. 
Drill  speed,  1200 
R.F.M.  Counter- 
sink speed,  500 
R.P.I1. 

Engine  lathe,  12^ 
to  16'.  2d  or 
3d  speed,  or  50 
F.P.M.  Hand  or 
power  feed. 

3d  or  4th  speed,  or 
80F.P.M.  Hand 
or  power  feed. 

2d  or  3d  speed,  or 
60  F.P.M.  Me- 
dium power  feed 
80  to  1*. 


Ist  or  2d  speed,  or 
60  F.P.M.  Me- 
dium power  feed 
—  goto  1". 

1st  or  2d  speed, 
or  30  F.P.M. 
Hand  feed. 


Tools. 


A'  or  No.  43  drill, 
60®  countersink, 
lard  oil. 


Dog,  side  tool  or 
holder  and  cutter, 
35®  rake,  calipers, 
rule. 


Two  dogs  with  cop- 
per, diamond- 
point  tool  or 
holder  and  cut- 
ter, 35®  rake,  mi- 
crometer. 

Copper  sulphate, 
rule,  scriber. 


Cutting-off    tool 

comers  rounded, 
lard  oil,  calipers, 
rule. 
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27.   To  turn  and  file  1"  drive  fit,  (10),  (11),  Fig.  32. 
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Fig.  32. — Schedule  Drawing. 

Spedflcadons:  Material,  shaft  blank  machine  steel,  rough  turned  1.015' 
diameter.    Hardness,  15  to  16  (scleroscope).     Machine  dry,  or  use  lard  oil. 

High-speed  steel  or  stellite  cutting  tools.    See  Exception^  p.  2o5. 

Time:  Study  drawing  and  schedule  in  advance,  3  min.  —  Oil  lathe,  4  niin. 
— True  live  center.  Set  lathe  straight,  rough  and  finish  turn,  file  and  fit, 
25  min.  (With  blank  prepared.)  —  Clean  lathe,  3  min.  —  Total,  35  min. 
(Preparation  of  blank,  31  min.  extra.) 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Machines,  Speeds. 
Feeds. 


Tools. 


To  Make  Fit  by  Trial  and  Correction,  (10). 


True  live  center. 

Set  dead  center  in  accurate  aline- 
ment  to  turn  straight  using  this 
shaft  or  trial  piece  the  same 
length,  pp.  Il6,  117. 

Push  mandrel  into  rearaod  hole  in 
work  (flange  or  gear).  Set  cali- 
pers to  large  end  close  to  work. 
Take  several  light  cuts  al)out  i" 
in  length  until  calipers  fit  work 
slightb'  harder  than  on  mandrel. 

Hold  work  in  vise.  Oil  shaft  and 
press  into  large  end  of  hole. 
When  it  enters  from  ^V"  to  ^" 
with  hand  pressure,  continue  cut 
to  shoulder. 

Square  shoulder,  (11). 


File  small  portion  at  end.  Clean, 
oil,  and  press  into  hole.  Continue 
filing  sparingly  and  testing  until 
shaft  will  enter  hole  one-third 
length  of  fit.  Keywaj's  are  cut 
and  key  fitted  before  shaft  is 
pressed  or  driven  to  shoulder. 


Engine  lathe,  12" 
to  16".  2d  or 
3d  speed,  or  70 
F.P.M.  Fine 
power  feed  — 
140  to  1". 

2d  or  3d  speed,  or 
70  F.P.M.  Fine 
power  feed  — 
140  to  1". 


Vise. 


3d  or  4th  speed, 
or  70  F.P.M. 
Hand  food. 

Engine  lathe,  4th 
speed ,  or  speed 
lathe,  1st  or  2d 
speed,  or  175 
F.P.M. 


Center  truing  tool. 

Dog,  copper,  dia- 
mond-point tool, 
or  bolder  and 
cutter,  35**  rake, 
micrometer. 

1"  mandrel,  dia- 
mond-point tool, 
or  holder  and  cut- 
ter, 35**  rake,  cali- 
pers, oil-stone. 

Copper  jaws. 


Side  tool,  rule. 


8"  or  10"  mill  bas- 
tard file,  file  card, 
lard  oil. 
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Attention.  —  Hand  pressure  means  grasping  dog  with  both  hands,  and 
pressing  shaft  hard  into  hole  with  a  right  rotation.  A  left  rotation  will 
remove  it.  After  each  trial,  the  brightness  of  the  surface  and  testing 
with  calipers  will  indicate  where  to  file.   This  is  often  called  a  wringing  fit . 

28.    To  make  1"  drive  fit  by  allowance,  Fig.  32. 


Turn  to 


U: 


003'... 
004'  .. 
and 
00125'. 
00100*. 


File  to   I  J 

See  Belt-power  Forcing  Preas,  p.  220 


Micrometer. 


29.  To  turn  and  file  l^""  running  fit  by  allowance,  (12), 
Fig.  32. 

Spedflcations:  Material,  shaft-blank,  machine  steel,  rough-turned  1.078" 
diameter.    Hardness  15  to  16  (scleroscope). 

Highrspeed  steel  or  stellite  cutting  tools.    See  Exception^  p.  205. 

Hme :  Study  drawing  and  schedule  in  advance,  3  min. — Oil  lathe,  4  min. 
— True  live  center.  Set  lathe  straight,  rough  and  finish  turn,  file  and  fit, 
42  min.  (With  blank  prepared.)  —  Clean  lathe,  3  min.  —  Total,  52  min. 
(Preparation  of  blank,  31  min.  extra.) 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opbbatxons. 


True  live  center. 

Set  dead  center  in  accurate  aline- 
ment  to  turn  straight  using  this 
shaft  or  trial  piece  the  same 
length,  pp.  Il6,  ll7. 


Grind  and  oilstone  tool.   Take  light 
cuts  at  end  about  }  "  in  length 
until  work  measures 
)  1.0650" 
]  1.0645" 
Take  cut  from  end  to  end  l^  re- 

veising  work,  one  cut. 
Fllo  over  entire  surface  to  erase  tool 
marks  and  until  work  measures 
J  1.0620" 
]  1.0615",  (12). 


Machines,  Spbbdb, 
Fbbdb. 


Engine  lathe  12" 
to  16".  3d  or 
4th  speed,  or  70 
F.P.M.  Fine 
power  feed  — 
140  to  1'. 

3d  or  4th  speed,  or 
70 F.P.M.  Fine 
power  feed — 140 
to  1". 


Engine  lathe  4th 
speed,  or  speed 
lathe.  2d  or  3d 
speed,  or  175 
F.  P.  M. 


Tools. 


Dog,  copper,  dia- 
mond-point tool, 
or  holder  and 
cutter,  35°  rake, 
micrometer. 

Diamond-point 
tool,    or    holder 
and    cutter    35** 
rake,  oilstone. 


8"  or  10"  mill  bas- 
tard file,  file  card, 
micrometer. 
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THREADING  OR  SCREW  CUTTING 

30.  Forms  of  threads. — There  are  four  commoa  forms  of 
threads:  the  Sharp  V,  Fig.  33;  the  United  States  Standard, 
Fig.  34;  the  Square,  see  p.  6iO,  and  the  Acme  Standard  or 


Fio.  33.  —  Sectional  View  or  Sharp  V  Thbiias 

29°  thread,  see  p.  621.  The  Whitworth  (En^h)  Standard 
thread,  Fig.  55,  is  very  little  used  in  the  United  States.  It 
is  standard  in  Great  Britain  for  coarse  pitches.  The  British 
Association  Standard  thread  is  standard  for  fine  pitches.     It 


FiQ.  34.  —Sectional  View  of  U.  S.  S.  Tbbeas. 

is  similar  in  form  to  the  Whitworth,  but  the  angle  is  47j 
degrees.  The  International  and  French  Standard  threads, 
used  with  the  Metric  system  in  some  foreign  countries,  are 
based  on  the  same  formulas  as  the  United  States  Standard 
thread.     See  pp.  337,  361. 

31.  Right  and  left  screw  threads.  —  A  right  screw.  Fig. 
33,  enters  ita  nut  wbeo  rotated  to  the  right  (clockwise).     A 
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left  screw,  Fig.  34,  is  the  reverse.    Screws  are  supposed  to 
be  right^threaded  unless  designated  left. 

32.  Uses  of  different  threads.  — A  right  Sharp  V  or  United 
States  Standard  thread  is  used  to  fasten  parta  together.  A  left 
thread  is  also  used  to  fasten  parta  together,  but  oidy  where 
a  rotary  motion  would  loosen  a  right  thread  as  a  nut  oa  the 
near  aide  of  a  wi^on  axle.  The  Square  and  29°  threads,  both 
right  and  left,  are  used  to  transmit  motion.    See  pp.  610-Q32. 

33.  Method  of  threading  screws  and  nats.  —  Screws  for 
fine  machine  parts  are  threaded  in  a  lathe.  Bolts,  studs, 
and  screws  are  threaded  with  dies  by  power  and  by  hand. 
See  Dies,  Principles  of  Machine  Work. 

34.  Lead  soews,  taps,  and  worm  screws  may  be  nulled 
with  a  thread  milling  machine.  See  Thread  Milling  Machine, 
pp.  1047-1049. 

36.  Small  nnts  are  threaded  with  a  tap  by  hand  or  power; 


Fia.  35.  —  ScRiw  and  Nut. 

large  nuts  are  usually  threaded  in  a  lathe.     Fig.  35  shows  a 
screw  and  section  of  nut. 

36.  Rolled  threads,  produced  by  roIUng  the  material  be- 
tween moving  dies,  are  used  on  stove  bolts,  carriage  bolts, 
Bome  machine  screws,  etc. 

37.  Single  and  multiple  tt^ads.  —  Ordinary  screws  are 
single  threaded,  but  for  special  purposes  screws  are  double 
threaded,  triple  threaded,  etc.     Examine  the  end  of  the  screw; 
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if  only  the  end  of  one  thread  and  one  groove  is  found,  it  is 
single  threaded,  etc.    See  Multiple  Threads,  p.  531. 

36.  The  pitch  of  a  thread. is  the  distance  along  the  axis  of 
the  work  from  the  center  of  one  thread  to  the  center  of  the 
next,  as  P,  fig.  33. 

39.  The  lead  of  a  thread  is  the  distance  the  screw  advances 
in  one  revolution.  la  a  single  thread,  the  [Htch  is  equal  to 
the  lead;  in  a  double  thread,  the  pitch  is  one-half  the  lead,  etc. 

40.  Threads  or  pitches  per  inch  ^gnify  the  number  of 
threads  contuncd  in  one  inch  in  length.  For  example,  for 
iV"  pitch  we  have  10  threads  per  1"  (often  called  10  P.) 

41.  The  diameter  of  threaded  work  is  measured  over  the 
tops  of  the  threads,  as  1",  Fig.  33. 

42.  The  root  or  bottom  diameter  is  measured  at  the  root 
or  bottom  of  groove,  as  .7835",  Fig.  33. 

43.  Thread  calipers,  Fig.  36,  may  be  used  to  test  the 
diameter  of  Sharp  V,  United  States  Standard  or  29°  thread 


Fi(J.  36. — Caupering  Scbbw        Fw.  37. — Counting  Thkbads 
WITH  Thbead  Caliperb.  niTB  Steel  Rdlb. 

Bcrews,  As  the  fit  is  on  the  sides  only  the  points  are  filed  to 
fit  the  thread  gage  and  are  left  truncated  as  at  j4  and  A'  to 
avoid  touching  the  bottom.  The  calipers  are  set  to  size  by 
means  of  a  thread  gage,  tap,  or  ncrew. 

For  accurate  work,  the  screw  is  cut  nearly  to  size  of  calipers 
and  the  final  test  is  made  by  trying  screw  in  the  nut  or  work. 

44.  To  count  threads.  —  Place  rule  A  on  thread  B,  Fig. 
37,  count  grooves  in  one  inch.     To   count  Square   and  29° 


SCREW  THREADS  S21 

threads,  place  the  end  of  rule  against  the  right  edge  of  one  of 
the  threads  and  count  the  spaces  to  the  right.  For  double 
threads,  triple  threads,  etc.,  count  all  the  spaces  and  divide  by 
2,  3,  etc.,  respectively. 

A  screw-pitch  gage  A,  Fig.  38,  is  used  to  determine  number 
of  threads  to  one  inch  on  a  screw  or  in  a  nut.     Handle  A 


Fio.  38.  —  CoDNTiNO  Threads  with  Scanw-PircH  Qaok. 

contUDB  many  blades  notched  with  all  the  ordinary  threads 
to  one  inch.  To  determine  number  of  threads  to  one  inch,  as 
at  C,  select  by  trial  a  blade  that  will  match  thread,  and  the 
number  at  D  on  blade,  as  10,  gives  number  of  threads  to  one 
inch  on  screw.  Decimal  E  is  the  double  depth  of  a  Sharp  V 
thread  of  this  pitch. 

4S.  The  Sharp  V  thread,  Fig.  39.  —  The  single  depth  for 
a  1"  pitch  thread  is  .866",  double  depth  1.732".  For  pitch  P, 
depth  =  .866  P  -  D.    Double  depth  =  1.732  P. 

P  -  pitch  - 


No.  of  threads  per  inch ' 

Root  diameter  —  Outside  diameter  —  double  depth. 
Formvla:  —  Root  diameter  -■  Outside  diameter  — 
1.732 


No.  of  threads  per  inch 

Examjie.  —  To  find  root  diameter  of  a 
screw  1"  diameter,  8  threads  per  1". 
Fio.     39.  —  Sacnoif 
SHOwnfO  Ftfcb  AND       „  ,     ,                   .       1.732 
Dbptb  of  Shakp  V      Solution.^         1 —  =  .7835". 
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46.  Table  of  Sharp  V-fhread  screws. 


DiAlf- 

No.  Thrxads 

Diam- 

No. Threads 

DlAJI- 

No.  Thbsaos 

BTBBOF 

Screw. 

pBB  Inch. 

eter  OF 
Screw. 

PBB  Inch. 

BTEB  OF 

Screw. 

per  Inch. 

i 

20 

u 

6 

3i 

3* 

p 

18 

l} 

6 

3f 

3i 

16 

If 

5 

31 

31 

A 

14 

1} 

5 

3|. 

31 

i 

12 

l{ 

4 

31 

3 

t 

12 

2 

4 

3i 

3 

11 

2J 

4 

4 

3 

11 
10 

^ 

4 
4 

4 

4l 
4^ 

2i 

^ 

10 

^ 

4 

2f 

i 

9 

2t 

4 

6 

2* 

fl 

9 

.    2* 

4 

5  • 

21 

1 

8 

2| 

4 

& 

2| 

H 

7 

3 

3i 

^ 

2f 

li 

7 

3 

31 

6 

2i 

For  Diameter  of  Tap  Drills  for  Sharp  V  Threads,  see  PHnciplee  of  Machine 
Work. 


47.  The  United  States  Standard  thread,  Fig.  40,  has  its  top 

and  bottom  truncated  by  J  of  the  depth,  shown  by  divisions  1, 
2, 3,  etc.,  Fig.  34.  The  single  depth  of  a  1"  pitch  is  .6495,  double 
depth  is  1.29y.  For  pitch  P,  depth  =  .6496  P  =  D.  Double 
depth  «  1.299  P. 


P  «  pitch 


No.  of  threads  per  inch ' 


Root  diameter  =  Outside  diameter  —  double  depth. 
Formula.  —  Root  diameter  =  Outside  diameter  — 

1.299 


No.  of  threads  per  inch 


i?=Flat=  ^ 
8 


l'  "J      ' 
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Example.  — To  find  root  diameter  of  a  screw  1"  diameter, 
8  threads  per  1". 

1  299 
SoltUion.  —  1  -  -^ «  .8376^ 

8 


Fio.  40.  —  Section  Showing  Pttch  and  Diftb  op  U.  S.  S.  Thrbao. 

4&  Table  of  United  States  Standard  thread  screws. 


DiAM- 
VTEB  OF 

Screw. 


No.  Threads 

Diam- 

PER Inch. 

eter  OF 
Screw. 

20 

11 

18 

ll 

Id 

If 

14 

2 

13 

^ 

12 

H 

11 

2} 

10 

A 

9 

2} 

8 

2| 

7 

2i 

7 

3 

6 

3i 

6 

3i 

No.  Threads 

Diam- 

PER Inch. 

eter  OF 
Screw. 

6i 

3f 

5 

3i 

5 

3| 

4i 

3f 

4i 

3i 

H 

4 

4 

4i 

4 

4i 

4 

4| 

4 

5 

3i 

5i 

3* 

6i 

3i 

5} 

3* 

6 

No  Threads 
PER  Inch. 


H 

3i 

3i 

3 

3 

3 

2| 

2f 

2| 

il 

2| 

2f 
2i 


For  Diameter  of  Tap  Drills  for  U.  S.  S.  Thread,  see  Principles  of  Machine 
Work. 

49.  The  forged  threading  tool,  Fig.  41,  is  forged,  hardened, 
and  then  tempered  to  a  light  straw  color.  The  clearance  at 
FDE  is  15^  and  the  cutting  edges  are  GH  and  JK. 


V  THRCAOINQ   TOOL 

B  F   t  C 

Tia.  41.  —  Shape  or  Sharp  V-thbbadino  Took 
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The  top  is  ground  first  and  then  the  front  faces  are  ground 
to  fit  center  gage  and  the  top  is  then  set  at  height  of  center, 
as  shown  in  Figs.  42,  43  at  L,  M,  N  and  S. 


1  N 


Fio.  42.  —  Setting  Threading  Tool  with  Center  Gage  and  to 

Height  of  Centers. 

60.   To  set  threading  tool  at  height  of  center  and  at  right 
angles  to  work.     Fig.  43. 


SCREW  BLANK     P 


iT/^^ 


V 

THREAOINO 
TOOL 

R 

Fig.  43.  —  Setting  U.  S.  Standard  ob  Sharp  V-thrbading  Tool  at 

Right  Angles  with  Work. 


SCHEDULE  OF  OPERATIONS 


1.  Turn  work  P  to  diameter. 

2.  Chamfer  end   Q  depth  of 
proposed  thread. 

3.  Clamp  tool  R  lightly  with 
point  2^^  from  tool  post. 

4.  Adjust  point  to  height  of 
dead  center  (MiV,  Fig.  42). 


5.  Hold  gage  S  as  shown. 
Adjust  cross  feed. 

6.  Rap  tool  around  until  edge 
TU  is  parallel  to  work  and  about 
A''  from  it. 

7.  Clamp  tool  firmly. 


61.  Threading  taper  work.  —  Preferably  use  a  taper  at- 
tachment to  cut  a  thread  of  correct  pitch,  as  on  pipe  tap  A, 
Fig.  44,  as  footstock  ''set  over"  will  produce  a  thread  slightly 
finer. 
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Set  thread  tool  90^  to  the  axis  of  work  as  at  B,  not  as  at  C. 
Thread  tool  D  with  gage  E  against  shank  as  at  F  is  correct. 


Fig.  44.  —  Settinq  Tool  to  Thread  Taper  Work. 

62.    A  Special  threading  tool  that  may  be  used  straight  or 
bent  to  thread  to  a  shoulder,  is  shown  in  Fig.  45. 


V 

THREAOINQ 
TOOL 


Fia.  45.  —  Threading  Tool  to  Cut  to  SHoxriiDER. 

63.    United  States  Standard  threading  tool.  —  The  United 
States   Standard  thread  is  cut  with  a  Y  tool,  A,  Fig.  46, 


A 


V. 

THMAOIMOl 
TOOL 


A 

U.S.S. 

THREAD)  NO 
TOOL 


Fio.  46.  —  Shape  of  U.  S.  S. 

Threading  Tool  Before 

Truncating. 


Fig.  47.  — Shape  of  U.  S.  S. 
Threading  Tool. 


truncated  at  point  B,  Fig.  47,  i  depth  of  thread,  which  varies 
for  every  pitch.  It  is  ground  to  fit  notch  A  in  U.  S.  S.  thread 
gage,  Fig.  48,  then  truncated  at  point  to  fit  notch  which 
corresponds  with  the  threads  to  be  cut,  8,  Fig.  48.  The  tool 
is  set  the  same  as  a  Sharp  V-thread  tool. 
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Information.  —  The  United  States  Standard  form  of  thread, 
see  table,  p.  323,  has  been  adopted  by  the  United  States  govern- 
ment for  its  standard;  the  American  Society  of  Mechanical 
En^eers,  for  the  A.  S.  M.  E.  Standard;  the  Society  of  Auto- 
motive Engineers,  for  the  S.  A.  E.  Standard  (U.  S.  F.),  see  pp. 
354-356,  and  for  nearly  all  manufacturers  and  railroads.  The 
Sharp  V  thread  cuts  deeper  than  the  U.  S.  S.  thread  and  re- 
duces both  the  tensile  and  torsional  strength  of  the  screw;  it  is 
also  more  easily  damaged.  The  U.  S.  S.  thread  is  more  scien- 
tific and  can  be  more  readily  made  standard  and  interchange- 
able. Tap  and  die  manufacturers  have  standardized  U.  S.  S. 
threads  and  only  furnish  V  threads  on  special  orders  and  at 
higher  prices. 


j^ii»  V^ 

3^.              FULL  SIZE       ^ 

■.-<         . 

V       ^ 

*^      X                 \          / 

/                        \         <^A 

)«      1                  1     ^>~^ 

**"     1                  1          1 

»"-    V                 Si 

\          /      **  1 

7\.  V_^    W 

/       ^                    STANDARD                     N         } 

WTf       ^,             THREAD            •V    ^a    P^ 
/       «j^'         TOOLQAOe         \^    \tLr/ 

(^ 

^  ?   S    9  *0 

J^ 

8  THDS.  TO  1  IN. 

FiQ.  48.  —  Gaqb  for  U.  S.  S.  Thread  Tool. 

64.  The  theory  of  screw  cutting  in  the  engine  laflie.  —  To 

thread  a  screw  in  a  lathe,  the  threading  tool  is  moved  along 
the  bed  a  positive  and  uniform  amount  for  each  revolution 
of  the  lathe  spindle.  This  motion  is  obtained  by  means  of  a 
train  of  change  gears  which  connect  the  lathe  spindle  to  the 
lead  screw,  and  by  half  nuts  in  the  apron  which  connect  the 
lead  screw  to  the  carriage. 
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On  most  lathes  the  first  change  gear  is  on  a  separate  shaft 
caUed  the  stud.  On  some  lathes  this  stud  is  geared  to  rotate 
at  the  same  speed  as  lathe  spindle,  and  on  others  at  a  different 
ratio.  — 

■ 

Ordinary  screws  may  be  cut  with  simple  gearing  —  two 
change  gears  as  in  Fig.  50.    See  also  Compound  Gearing,  p.  333. 

66.  To  calculate  simple  gearing  with  swindle  gear  1  to  stud 
gear  1: 

Lead  screw  threads  per  inch  X  constant 
Threads  per  inch  to  be  cut  X  constant 

teeth  in  gear  on  stud 


teeth  in  gear  on  lead  screw 


The  constant  may  be  the  common  difference  in  number  of 
teeth  between  the  consecutive  change  gears,  and  this  or  any 
multiplier  may  be  used  to  obtain  available  gears. 

66*  Example.  —  To  cut  13  threads  to  1^.  Lead  screw  5 
threadis  to  1^;  speed  spindle  same  as  stud;  constant,  5. 

^  ,    .  5X6       25  (gear  on  stud.) 

13  X  5      65  (gearon  lead  screw)- 

Attention.  —  For  stud  ratios  other  than  1  to  1,  multiply 
threads  per  inch  of  lead  screw  by  ratio  of  the  stud  gear  to  .the 
spindle  gear  and  proceed  as  before. 

87.  Examjle.  —  To  cut  13  threads  to  I''  spindle  gear  1  to 
stud  gear  2.  Fig.  50.  Lead  screw  8  threads  per  inch;  constant, 
6;  speed  ot  stud  is  one-half  speed  of  spindle. 

«  ,    .  8X2X6      96  (gear  on  stud.) 

SohUton.  —      ^^  ,,  ^    ^  7;^  ,  i    j  x 

13  X  6        78  (gear  on  lead  screw.) 


S28 


ADVANCED  MACHINE  WORK 


68.  To  prepare  screw  and  nut  blanks  and  to  practice  screw 
Cttttingi  Fig.  49. 


4|'To4f 


Fig.  49.  —  Schedule  Drawing. 


Specifications:  Material,  machine  steel  ^''  large;  weight,  6  oz. 

Hardness,  12  to  14  (scleroscope).    Carbon-steel  cutting  tools. 

If  high-speed  steel,  or  stellite  cutting  tools  are  used  the  speed  may 
be  increased.    See  Exception,  p.  205. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe, 
4  min.  —  Prepare  screw  blank,  15  min.  —  Tap  and  square  nut,  8  min.  — 
"Set  up"  lathe  for  screw  cutting,  6  min. — Thread  one  end,  7  min. 
—  Thread  the  other  end,  6  min.  —  Remove  gears  and  clean  lathe,  5 
min.  —  Total,  56  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 

Machines,  Speeds, 
Feeds. 

Tools. 

File  endB  flat. 

Viae. 

10"  or  12"  bastard 
file. 

Center  (l)»  (2). 

Centering     machine. 

A"  drill,  ety*  coun- 

driU  1700  R.P.M.. 

tersink,  rule,  lard 

countersink        600 

oil. 

R.P.M, 

Omit  squaring. 

See  that  live  center  is  nearly 

Engine  lathe,  12''  to 

true  and  dead  center  in 

ap- 

16". 

proximate  alinement. 

See 

p.  Il6. 

Rough  turn  to  i"  -f  A", 

(»). 

3d  speed,  or  30  F.P.M. 

Dog,  diamond-point 

one  cut.    Turn  half  way 

,  re- 

Medium  power  feed 

tool  35^  rako,  cali- 

verse, and  turn  other  half. 

—  80  to  1". 

pers,  rule. 

Finish  turn  to  }",  (4),  one  cut. 

3d  or  4th  speed,  or  50 

Turn  half  way,  reverse 

and 

F.P.M.   Fine  power 

turn  other  half. 

feed  —  140  to  1". 

1 

THREADING  OR  SCREW  CUTTING 
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Chamfer  ends  to  30^  approxi- 
mately (ft) ,  (§).  Fig.  43  and 
p.  841. 

Draw  lines  1"  from  each  end 
for  length  of  thread  (7),  (8). 

Tap  not  blank.  Hole  in  \"  nut 
blank  ia  punched  \\'\  See 
Principles  of  Machine  Work. 

Sqnare  botili  aides  of  not  to  ^^", 
p.  840. 


Thread  (•)  and  (IS)  to  fit  nnt. 
See  pp.  818-327,  32»-832. 

When  through  threading,  re- 
move gears,  empty  drip  pan 
and  dean  lathe. 


Viae,  copper  jaws. 


Viae. 


Engine  lathe,  3d 
apeed,  or  50  F.P.M. 
Hand  feed. 

Arrange  gears  for  13 
threads.  Ist  apeed, 
or  20  F.P.M. 


Side  tool  Zb"*  rake, 
center  gage. 


Copper  aulphate, 
Bcriber,  rule. 

i  X  13  U.  S.  S,  Up, 
tap  wrench,  lard 
oil. 

Nut  mandrel,  aide 
tool  35^  rake,  cali- 
pers, rule. 

13  pitch  U.  S.  S. 
thread  tool, 
U.  S.  S.  thread 
gage,  center  gage, 
clamp  nut,  lard  oil. 


AUenJtion. — A  student  should  learn  screw  cutting  by  threading 
blank  ends  until  he  can  stop  cut  at  same  place  every  time  without 
breaking  point  of  tool  and  ruining  work;  also,  until  he  can  cut  a  smooth 
thread  and  make  good  fit  in  nut. 

59.    Description  of  screw-cutting  mechanism,  Fig.  50. 


A  —  Gear  on  spindle. 

B  —  Spindle. 

C  —  Gear  driven  by  one  or 

both  idle  gears. 
D  AJy  —  Idlers  for  reversing. 
E  —  Stud  driven  by  C, 
F  —  Stud  gear. 
G  —  Lead  screw. 
H  —  Lead-screw  gear. 
K  —  Idler  gear,  loose  on  stud. 


L  —  Stud. 

M —  Radial  arm. 

N  —  Bolt  to  clamp  M  so  that 

F    drives    through   KH 

toG. 
P  —  Reversing    lever;    shifts 

bracket  for  cutting  right 

or  left  threads. 
Q  —  Bracket  carrying  D  and 


Exception.  —  On  lathes  that  do  not  have  reversing  gears 
D  and  D\  use  two  idlers  to  cut  a  left  thread. 
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60.  To  set  up  lathe  for  threading  or  screw  cutting.     Fig.  SD. 

SCREW  CWTTWO  I  j  ^^^^^ 


Fia.  60.  —  Lathe  Set  uf  fob  Thuadinq  U.  8.  S.  OR  Sbabp  V 
Thread — Simple  Gsakino— Two  Oeau  and  am  Idler  Ouh. 

SCHEDULE  OF  OPERATIONS  AND  TOOIfi 

CHANGE  OF  GEARS,  THREADING  TOOL,  CENTER  GAGE, 

OIL  BOX  (TIN) 


I.  Place  belt  on  etcp  1,  screw 
face  plate  2  hard  against  shoulder. 

II.  On  blank  3,  fasten  dog  4 
and  mark  with  chalk  the  place  in 
face  plate  where  dog  Jb  inserted. 
(Always  return  dog  to  rontked 
slot  or  tool  will  not  resume  its 
cut.) 

III.  Grind  tool  5  to  form  of 
thread  desired,  U.  S.  S.  or  Sharp  V, 
fasten  tool  in  post  6,  and  act  with 
gage,  Eee  pp.  l40,  321-3241. 

IV.  Feed  tool  in  with  handle 
7  until  it  touches  work,  put  on 
thread  stop  8  with  screw  9  in 
slide  10.  Bring  atop  B  against 
shoulder  of  0  and  clamp  with 
screw  11. 

V.  Set  footstock  to  allow  J' 
travel  of  tool  beyond  work, 

VI.  From  index  plate  obtain 


gears  for  13  threads  and  arrange 
as  FF'  and  HH'. 

VII.  Sefect  gear  K  for  idler. 
Frefembly  a  gear  nearly  the  size 
of  one  of  the  change  gears. 

VIII.  Place  stud  gear  F  on 
stud  E,  lead-screw  gear  H  on  G. 

IX.  Place  gear  K  on  stud  L, 
in  radial  arm  M,  oil  stud. 

X.  Adjust  nieah  of  H  and  K 
and  clamp  in  portion. 

XI.  Swing  radial  arm  M,  to 
mesh  K  with  F  and  clamp  vnth 
bolt  AT. 

XII.  Be  certain  that  fricUon 
feed  is  out  before  throwing  in 
screw  feed. 

XIII.  Connect  lead  screw  to 
carriage  13  by  handle  S  operating 
split  nut  R.  Place  tin  box  under 
tool  to  catch  chips  and  driptnnga. 


PREPARATION  OP  BLANK  AND  NUT 


61.   To  operate  lathe  to  cut  flie  thread. 

SCHEDULE  OF  OPERATIONS 


I.  Push  shipper  14  toward 
headstock,  adjust  stop  screw  9  and 
move  tool  5  to  trace  a  light  line; 
stop  lathe  before  tool  reaches 
end  of  thread. 

II.  Fiaish  length  of  thread  by 
pulling  belt  by  band,  the  fir^ 
time  only. 

III.  Move  tool  out  from  work. 
Run  carriage  back.  Adjust  thread 
stop  ecrew  9  to  take  cut. 

IV.  Count  threads,  Fig.    51. 


Terminate  cut  by  power  by  eas- 
ing tool  out  when  about  i  revo- 
lution from  end  of  cut,  or  point  of 
tool  will  snap  off. 

V.  Stop  lathe  and  reverse  iiD- 
mediately. 

VI.  During  return,  lubricate 
work  freely  with  lard  oil  and  ad- 
just stop  screw  9  for  next  cut. 

VII.  Feed  tool  inwanl. 
VIU.  Start  lathe  forward  and 

repeat. 


Fio.  61.  —  CouNTiNa  THE  Trace  or  a  Thread. 


Attention.  — The  cutting  speed  for  threading  is  about  one- 
half  to  two-thirds  that  used  for  turning.  The  feed  must  be 
suEBcient  to  allow  tool  to  cat,  for  if  tool  is  allowed  to  travel  in 
groove  without  cutting,  it  will  burnish  and  harden  sides  of 
thread  so  that  on  next  cut  the  tool  will  be  likely  to  dig  in  and 
tear  the  thread. 

Oilstone  top  face  of  tool  just  before  taking  last  few  light  cuts. 

62.  Number  of  cuts  for  TT.  S.  S.  thread,  13  P. — Take  8  cuts 
of  .O05'each,2cutsof  .002" each,  then  1  cut  of  .001';  clean,  oil, 
aa'd  teat  in  nut,  and  repeat  until  screw  fits  nut.  Depth  of 
thread  when  outside  diameter  is  not  reduced  —  .0499*. 

63.  Number  of  cuts  for  Sharp  V  thread,  13  P.  —  Take  10 
cuta  .005'  each,  2  cuts  .002"  each,  then  1  cut  of  .001';  clean, 
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oily  and  test  in  nut,  and  repeat  until  screw  fits  nut.     Depth 
of  thread  when  reduced  ^"  in  diameter  =  .0588^. 

64.  To  fit  thread  to  nut.  See  p.  320.  — Take  light  cuts  as 
the  thread  approaches  size^  and  after  each  cut  clean  and  oil 
thread  and  try  nut  on.  If  a  close  fit  is  required,  cut  thread 
until  nut  will  go  on  easily  with  a  wrench.  This  smooths  down 
the  burr,  after  which  the  nut  may  go  on  with  the  fingers. 
For  a  hard  fit,  force  nut  on  with  a  wrench.  For  a  loose  fit, 
cut  the  thread  until  the  nut  will  go  on  with  the  fingers.  After 
thread  is  fitted,  chamfer  the  end  to  the  depth  and  angle  of 
the  thread  and  file  tops  of  thread  slightly  to  remove  burr. 

66.  To  reset  threading  tool  to  resume  cut.  —  If  the  tool 
is  dull  and  thread  is  only  partly  cut,  remove  the  tool,  regrind 
and  reset.  If  the  end  that  receives  the  dog  is  cylindrical, 
loosen  the  dog,  and  rotate  the  work  until  tool  fits  the  groove. 
Refasten  the  dog  and  feed  tool  away  from  work,  run  the  lathe 
forward  a  few  revolutions,  by  hand,  to  take  up  back-lash;  now 
notice  if  tool  and  groove  match;  if  they  do  not,  repeat  opera- 
tion. If  end  of  work  is  square  or  hexagonal,  as  a  bolt  head, 
and  driven  by  a  clamp  dog,  disconnect  lead  screw  from  lathe 
spindle  by  reversing  lever  in  headstock,  or  by  removing  stud 
gear,  then  adjust  work. 

66.  To  cut  left  threads.  —  Arrange  gears  as  in  cutting 
right  threads,  with  the  exception  that  the  lead  screw  must 
rotate  in  opposite  direction  which  is  accomplished  by  the 
reversing  gears  Z>,  Z>',  Fig.  60,  or  by  an  extra  idler.  At 
beginning  of  thread,  cut  a  groove  in  which  to  start  tool,  and 
begin  at  left  and  cut  to  right. 

67.  To  thread  to  shoulder  or  to  terminate  coarse  thread.  — 

Cut  groove  or  drill  hole  of  diameter  and  depth  equal  to  depth 
and  width  of  thread.     See  pp.  610,  6ll,  621. 

68.  Fractional  threads.  —  A  fractional  thread  is  one  whose 
threads  per  inch  are  expressed  by  a  mixed  number,  as  11  § 
threads  to  I'';  or  a  fraction,  as  f  of  a  thread  to  1^  {l^^  P). 

To  count  fractional  threads.  —  Take  any  number  of  threads 
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tbftt  will  match  with  even  inches  on  the  rule,  then  divide  the 
number  of  threads  by  the  number  of  inches. 

69.  To  calculate  simple  gearing  to  cut  fractional  threadf. 
—  Proceed  as  for  whole  threads. 

Example. — To  cut  11 J  threads  per  inch  (1'  pipe  tap). 
Lead  screw  5  threads  per  inch;  constant,  4;  speed  of  stud 
same  as  speed  of  spindle. 

5X4    _  20  (gear  on  stud.) 
II J  X  4      46  feear  on  lead  screw.) 

70.  Compound  gearing,  —  To  cut  fine  or  coarse  threads 
that  are  not  obtunable  with  simple  gearing,  compound  the 
gearing,  using  4  gears,  Fig.  52. 


Fig.  62.  —  Compound  Geabimo  fob  THBEAHiNa  —  Four  Qbabs. 

To  compound  on  some  lathes,  introduce  between  regular 
stud  gear  A  and  lead  screw  gear  B  two  gears  of  different 
diameters,  as  C  and  D,  which  are  feather  keyed  on  a  sleeve 
that  runs  freely  on  intermediate  stud  E,  gear  A  driving  gear  C, 
and  gear  D  driving  gear  B.  The  arrangement  of  gears  is 
shown  in  end  view  at  A',  C,  D',  and  B'. 

71.  To  calculate  compound  gearing.  —  Factor  first  term 
into  two  fractions  and  treat  each  separately. 

Example.  —  To  cut  60  threads  per  inch. 

Lead  screw  6  threads  per  inch;  speed  of  stud  same  as  speed 
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of  spindle;  constant,  select  multiple  of  5,  the  common  differ 
ence  between  gears. 

„  ,    .  6       2X3      2  X  20      40       3  X  10       30 

SoliUion.  —  rr  = 


60      6  X  12     6  X  20     100      12  X  10     120 

Gear  on  stud  A,  40;  gear  on  lead  screw  B,  120;  first  gear  on 
sleeve  C,  100;  second  gear  on  sleeve  Z),  30. 

Attention.  —  If  more  convenient,  exchange  drivers  A  and 
C  or  driven  C  and  B. 

72.  To  calculate  compound  gearing  for  fractional  threads, 

proceed  as  for  whole  threads. 

Example,  —  To  cut  2i  threads  per  inch  =»  f. 
Lead  screw  2  threads  per  inch;  speed  of  stud  same  as  that 
of  spindle;  constant,  multiple  of  5. 

Q/r  2      8      2X4 

Solution.  —  r  =  ;7  =  :; ::• 

J      9      3X3 

2  X  25  =  50  ;  .      - 

3  X  25  =  75  i  ^^^  P^^"  ^*  ^*"- 

4  X  16  =  60  i   ,,  .      . 

3  X  15  =  45  S  P^^      ^^"' 

Attention.  —  It  often  happens  that  one  or  more  gears  have 
to  be  made  or  bought.  If  the  threads  per  inch  are  expressed 
decimally,  as  2.833  threads  per  inch,  proceed  as  before,  select- 
ing such  multiple  as  will  give  available  gears,  using  the  nearest 
whole  tooth  in  case  of  resulting  fractional  teeth. 

73.  Result  of  gearing  calculations  may  be   checked   as 

follows : 

For  stud  ratio  one:  Threads  on  screw  to  be  cut  X  teeth 
of  stud  gear  =  threads  on  lead  screw  X  teeth  of  lead-screw 
gear. 

For  stud  ratios  other  than  one  and  for  compound  gearing: 
Threads  on  screw  to  be  cut  X  teeth  of  all  drivers  in  succession 
=  threads  on  lead  screw  X  teeth  of  all  followers  in  succession. 
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Example.  —  p.  327  13  X  25  «  5  X  65  =  325. 
Example.  —  p.  327  13  X  1  X  96  =  8  X*2  X  78  =  1248. 
Example.  —  p.  334  60  X  1  X  40  X  30  =  6  X  1  X  100 

X  120  =  72,000. 

74.  To  calculate  gearing  for  a  given  lead,  —  first  change 
to  threads  per  inch  by  dividing  one  by  the  lead  of  screw  to 
be  cut,  and  proceed  as  before. 

Example.  —  To  cut  screw  i''  lead. 

Lead  screw  2  threads  per  inch;  speed  of  spindle  same  as 
s])eed  of  stud;  constant,  multiple  of  5. 

1  3 

Solution.  —         2  ^  o  (^'^^^^s  P®^  inch). 

2  4  X  10      40 
i"'3  X  10  ""30* 

76.  Compound  gearing,  ratio  2  to  1,  is  provided  on  some 
lathes  on  an  extra  adjustable  stud.  In  such  cases,  gears  are 
selected  as  in  simple  gearing  for  one-half  or  twice  the  desired 
pitch,  and  the  2  to  1  compound  arranged  to  double  the  pitch 
or  reduce  it  one-half. 

76.  To  calculate  gearing  for  metric  screw  threads  with  an 
English  lead  screw.  —  Gear  up  lathe  as  for  cutting  a  Sharp  V 
screw  of  the  same  number  of  threads  per  inch  and  use  trans- 
lating gears.  One  centimeter  equals  approximately  VW  of  an 
inch.  Provide  lathe  with  pair  of  translating  gears  of  50  and 
127  teeth.     Arrange  lathe  as  in  compound  gearing,  Fig.  52. 

Example.  —  To  cut  13  threads  to  the  centimeter. 
Lead  screw  5  threads  per  inch;  speed  spindle  same  as  stud; 
constant,  multiple  of  5. 

^  ,    .  5  X  5      25  (gear  on  stud). 

SHtUton.  —        =  — 

13  X  5      65  (gear  on  lead  screw). 

Place  translating  gears  on  feathered  sleeve,  meshing  50  with 
gear  65  and  127  with  gear  25.  A  metric  lead  screw  may  be 
used  for  cutting  English  threads. 
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77.  Threading  long  screws.  '^ Catching  the  thread" 
(threading  without  backing  belt).  —  A  method  to  save  time 
in  cutting  long  screws  by  quick  return  of  tool  carriage  after  each 
cut  by  hand. 

1.  If  thread  is  same  as  lead  screw  or  a  multiple  of  it,  throw 
half-nut  out  at  end  of  each  cut,  return  carriage  by  hand,  throw 
in  half-nut  and  tool  will  resume  its  cut. 

2.  If  screw  to  be  cut  and  lead  screw  are  odd,  or  odd  and  even, 
move  carriage  any  whole  number  of  inches. 

3.  If  both  are  even,  any  number  of  half -inches. 

4.  If  screw  is  fractional,  as  4)  threads  to  1'^,  move  carriage 
number  of  inches  equal  to  denominator  or  multiple  of  denomi- 
nator. To  obtain  this,  clamp  steel  rule  to  bed  or  use  thread 
indicator,  Fig.  53,  which  is  included  in  the  equipment  of  new 
lathes. 

78.  Thread  indicator. —  Example:  To  cut  long  screw  5 
threads  to  1'',  using  thread  indicator. 


Fig.  53.  —  Thread  In^dicator. 


SCHEDULE  OF  OPERATIONS 


I.  Set  up  lathe  to  cut  5  threads  to  1"  and  adjust  thread  indicator 
to  lead  screw. 

II.  Start  lathe  and  take  one  cut. 

III.  At  end  of  cut  withdraw  tool  and,  without  stopping  lathe, 
throw  out  half-nut. 


WHITWOKTH  (ENGLISH)  STANDARD  THREAD      837 

IV.  Move  carriage  back  by  hand  until  tool  is  beyond  end  of 
work,  then  throw  in  half-nut  A  by  handle  B  when  any  long  Une  on 
dial  C  ia  at  sero  line  D  and  take  another  cut. 

V.  Repeat  this  process  for  each  cut  until  threading  is  completed. 

AUeniion.  —  If  thread  indicator  is  used  for  all  screw  cutting,  a 
backing  belt  is  unnecesaary.  The  second  pulley  on  counter- 
shaft may  be  used  for  another  range  of  forward  speeds. 

79.  Whitworth  (English)  Standard  thread.  Figs.  54,  55. 
—  The  tops  and  the  bottoms  of  the  55"  threads  are  rounded, 
)  of  pitch,  as  shown  by  divisions  I,  2,  3,  etc. 


Fio.  64.  —  Sbctionaj^  View  of  Whttwobth  Thkxad. 


FiQ.  55.  ^  SxcnoN  Showino  Pitch  aud  Depth  op  WaiTvoBm  Thread. 

The  single  depth  of  a  I'  pitch  is  equal  to  .64033,  and  the 
double  depth  1.28066.  For  pitch  P,  depth  =  .64033  P  =-  O. 
Double  depth  ^  1.28066  P  -  2  D. 

P  —  pitch  = ~. 

No.  of  threads  to  1  inch 
R  =  radius  -  .1373  P. 
Hoot  diameter  ->  Outside  diameter  —  double  depth. 
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Formula.  —  Root  diameter  =  Outside  diameter  — 

1.28066 


No.  of  threads  to  1  inch 


Example,  — To  find  root  diameter  of  a  screw  I*'  diameter, 
8  threads  to  l''. 

1.28066 


Solution,  — 


1  - 


8 


=  .8399. 


80.  Table  of  Whitworth  (English)  Standard  breads. 


DlAM- 

No.  Threads 

Diam- 

No. Threads 

Diam- 

No. Threads 

ETSR  OF 

Screw. 

PER  Inch. 

eter  OP 
Screw. 

PER  Inch. 

eter  OF 

Screw. 

per  Incb. 

i 

20 

1} 

6 

3i 

3i 

ft 

18 

l\ 

6 

3 

3* 

i 

16 

If 

5 

3 

3i 

14 

li 

5 

3 

3* 

i 

12 
12 

li 
2 

4i 
4i 

3J 

3i 

3 
3 

f 

11 

2i 

4i 

4 

3 

» 

11 

2i 

4 

4i 

2* 

« 

10 

2| 

4 

4i 

2* 

H 

10 

2 

4 

4| 

2f 

} 

0 

2 
2 

4 

5 

2f 

U 

0 

3} 
3 

5i 

2f 

1 

8 

2 

H 

2f 

1* 

7 

3 

3 

6f 

2* 

li 

7 

3i 

3} 

6 

2* 

Fio.  66.  —  Shape  op  Whitworth  Threading  Tool. 


81.  The  Whitworth  threading  tool,  Fig.  56.  —  A  tool  of 
different  size  and  shape  is  required  for  each  pitch.  It  is  made 
similarly  to  a  formed  cutter  by  milling.     Grind  on  top  face  A, 
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82.  The  bolt  and  nut-maMng  operations  that  follow  apply 
to  all  work  of  this  class,  aa  bolts,  studs,  tiuta,  and  screws. 


Fig.  57.— ToRNiNa  Body  op  Holt  to  Head. 

To  turn  up  to  bead  of  bolt,  slant  tool  to  left  as  at  F,  Fig.  57, 
and  clamp  tool  firmly  in  tool  post. 


To  square  undet  bead,  use  right  bent  side  tool  Q,  Fig.  58, 
or  left  side  tool  H,  Fig.  59.  To  drive  from  square  or  hexago- 
aal  heads  use  clamp  or  square  dog  E,  Fig.  57,  and  to  drive 
from  stem  use  lathe  dog  K,  Fig.  59- 
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83'  Nnt  mandrels.  —  Nute  or  similar  pieces  baviDg  tapped 
or  threaded  holes  are  screwed  oa  a  threaded  mandrel  and 
rough  and  iinish  squared  to  thickness.  In  Fig.  60  nut  B  is 
screwed  on  mandrel  A  against  equalizing  collar  C,  squared 
with  side  tool  D,  reversed  and  squared  to  thickness.  It  is 
then  placed  on  a  milling  mandrel  and  the  flats  milled  in  a 
milling  machine.  After  this  it  is  replaced  on  regular  nut 
mandrel,  and  side  tool  E  set  at  45",  as  near  as  can  be  deter- 
mined by  the  eye,  and  the  edge  chamfered  as  at  i^  to  about 


Fio.  60. — Sqoarimq  add  Chamtbrimo  Nut. 

^'  on  edge  of  flats  for  i'  nuts  and  more  or  less  for  larger  and 
smaller  sizes,  to  give  them  a  neat  appearance. 

Instead  of  equalizing  collar  C,  a  plain  collar  G  is  often  used, 
with  one  inside  edge  rounded  to  fit  over  filleted  shoulder 
of  mandrel.  For  ordinary  work,  nut  mandrels  are  often 
recessed  at  shoulder  and  used  without  collars.  Threaded 
mandrels,  for  work  threaded  while  held  in  a  chuck,  as  a 
face  plate  for  a  lathe  or  chuck,  need  no  collar,  as  the  work 
is  faced  true  with  hole  while  held  in  chuck,  and  this  true 
face  is  screwed  against  the  shoulder  on  the  mandrel.  See 
Nut  Mandrel,  p.  1208. 
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84.  Chamfering  bolt  heads,  nuts,  and  screws.  —  A  clamp 
nut  (spring  or  split  nut),  Fig.  61,  is  used  to  protect  the 
thread  and  prevent  dog  from  bruising  it. 


Fig.  61. — Cbaufering  and  Forming  Bolt  Head  and  Ponn*. 

m 

SCHEDULE  OF  OPERATIONS  AND  TOOLS 


BoU  Heads. 

1.  Place  clamp  nut  A  on  bolt  B 
and  fasten  dog  C  with  set  screw  £>. 

2.  Set  side  tool  E  at  angle 
of  45^,  estimated. 

3.  €3iamfer  bolt  head  to  remove 
corners  and  give  neat  appear- 
ance. 

Nuts. 

Mount  nut  on   mandrel   and 


chamfer     same 
E,  F,  Fig  60. 


as    bolts.    See 


Screws. 

Set  side  tool  F  at  angle  of  30^ 
and  chamfer  to  depth  of  thread. 

To  round  end  of  screw  G,  use 
side  tool  H  shaped  into  a  forming 
tool. 


86.    To  make  a  clamp  nut,  A\  Fig.  6i. 


1.  Drill,  tap,  square  and  turn 
piece  of  round  c^bon  steel  to 
size. 

2.  SUt  at  K  and  miU  or  file 


flat  L  to    receive    set   screw  of 
dog. 

3.  Harden  and  draw  to  a  spring 
temper. 


AUerUian.  —  To  make  an  improvised  clamp  nut,  slit  a  nut 
at  a  comer  with  a  hack  saw. 
A  clamp  nut  and  dog  may  be  used  to  set  or  remove  studs. 
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86.   To  moke  a  finished  bolt  i"  diameter.     Fig.  62. 


Fia.62. — Schedule  DxAWiNa  op  Bout. 

2>4cifications:  Material,  machine-steel  forging,  iV'  lane;  weight,  10  oi. 
Etchioe-Bteel  or  wrought-iron  hexs«onal  nut  blank  i^"  la,rge. 

For  heat  treatment  see  Principlea  of  Machine  Work. 

Hardness,  14  to  17  (scleroscope). 

True  live  center,  set  dead  center  in  approidmate  alinement,  see  page  li8. 

Carbon-steel  cutting  tools.    See  Exception,  p.  2os. 

Time:  Study  drawing  and  Bchedule  in  advance,  10  min.  —  Oil  lathe,  4 
min.  —  Prepare  blank  bolt,  45  min.  —  Tap  and  square  nut,  8  min. —  "Set 
up"fortliread,  6  min.— Cut  thread,  7  min.  —  Mill  bolt  and  nut,  10  min. 
—  Chamfer,  file  and  polish  bolt  head  and  nut,  and  stamp,  10  min.  —  Clean 
lathe,  3  min.— Total,  Ih.  43min. 

SCHEDULE    OF   OPERATIONS,   MACHINES  AND  TOOLS 


OPERATIOMa. 

Macbinbs,  Speeds, 

FBED8. 

Tools. 

StraiBhteo,   sec   pp.    124,   125, 

Straightening  press. 

Chalk,  file. 

BDd  file  enda  flat. 

Vise. 

Center,   machine  method,   i'. 

Centering     machine 

A*  drill,  W  counter 

(1).  (2).  Btraighten. 

drill,  1700R.P.M.; 

sink,  lard  oil. 

Chalk. 

R.P.M.;8tra^ten- 

ing  press. 

Mount  on  center*. 

Engine  Uthe,  12-  to 

R^ulw    and    clamp 

Rough   square   to   4^"  +  A;', 

16'.     3d  speed,  or 

doga.  Bide   tool,  35° 

(3), (4).     TakeaelLUleaapoa- 

30  F.P.M.      Hand 

Bib1eoff,(3).    See alep method 

teed. 

of  squaring,  p.  301. 

Recenter  to  *',  (a),  (6). 

Speed  lathe,  drill  4th 
speed,  countersink 
3d  speed. 

Regrind  and  oil  stone  tool. 

Sdorithspeed.orfiO 

Bide   tool.   35*   ™ke. 

Finish  »quRre  to  4^'.  (7>,  (9). 

F.P.M. 

caUpera.  rule. 
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Rough   turn  to  i'  +   ^^  (9) 
one  or  two  cuta. 


Rou^  square  under  head  ^' + 

A'.  (10). 

Set  dead  center  in  accurate  aline- 
ment  to  turn  straight  using  this 
bolt  or  a  trial  piece  the  same 
length.     See  pp.  Il6,  ll7. 

Rough  turn  §'  +  A',  (9)  one  cut 


Regrind  and  oilstone  tool. 

Finish  turn  to  fit  gage  with 
allowance  for  filing,  using  cali- 
pers, mandrel  and  gage  to  ob- 
tain size;  or  measure  with  1^ 
micrometer  and  allow  .003^ 
for  filing.     (11).     One  cut. 

Regrind  and  oilstone  tool  and 
finish  square  under  head,  ( 13) . 

File  to  fit  gage,  running  fit. 
Oil  work  with  machine  or  lard 
oil  when  testing  in  gage.  (13.) 

Chamfer  point  to  30*",  (14). 


Tap  \'  nut  blank  by  hand, 
square  to  thickness,  (15). 

Draw  line  1'  from  end  for  length 
of  thread  (16). 

Grind  threading  tool  to  fit  gage, 
and    thread  bolt  to  fit  nut. 
Make  close  fit,  (19) ,  see  pp.  326, 
331,  reehamfer  point,  (17). 

File  burr  ofiF  top  of  thread. 

Remove  gears,  empty  drip  pan 
and  dean  lathe. 

Mill  head  and  nut  to  sise  ^'  + 
.003'  for  filing  and  polishing, 
(18),  (19).  See  pp.  1020, 1026. 


Chamfer  head  and  nut  to  45^, 
(20),  (21),  pp.  340.  841. 

File  and  polish  milled  sides  of 
bolthead  and  nut  only.  (22), 
(23). 


Engine  lathe,  2d  or 
3d  speed,  or  30 
F.P.M.  Medium 
power  feed  —  80  to 
l^ 

2d  or  3d  speed,  or  30 
FJ^.M.  Hand  feed. 

4th  speed,  or  50 
F.P.M.  Fine  power 
feed—  140  to  T. 

3d8peed,  or  30  F.P.M. 
medium  power  feed 

—80  to  r. 

3d  or  4th  speed,  or  50 
F.P.M.  Fine  power 
feed— 140  to  1'. 


3d  speed,  or  50 
F.P.M.  Hand  feed. 

Engine     lathe,     4th 

speed,  or  speed  lathe 

3d  or  4th  speed,  or 

175  F.P.M. 
Engine      lathe,      3d 

si^ed,  or  30  F.P.M. 

Hand  feed. 
Vise.  Engine  lathe  3d 

speed,  or  50  F.P.M. 

Hand  feed. 
Vise  copper  jaws. 

Engine  lathe,  Ist 
speed,  or  20  F.P.M. 
Arrange  for  13 
threads. 

4th  speed. 


Milling  machine.  3d 
or  4th  speed.  Back 
gears  in,  or  50 
F.P.M.  Medium 
power  feed. 

Engine  lathe,  3d 
speed,  or  50  F.P.M. 

Vise. 


Clamp  dog,  diamond- 
point  tool,  35^  rake, 
calipers,  rule. 


Left  side  or  bent 
right  side  tool,  cal- 
ipers, rule. 

Clamp  dog,  diamond- 
point  tool,  35^  rake, 
1'  micrometer. 

Clamp  dog,  diamond- 
point  tool,  35^  rake, 
calipers,  rule. 

Diamond-point  tool, 
35*  rake,  calipers,  y 
mandrel  (or  1'  mi- 
crometer),   i'    ring 


Left  side  or  bent  right 
side  tool,  35*  rake, 
calipers,  rule. 

S'  or  10*  mill  bastard 
file,  calipers,^'stand- 
ard  ring  gage,  o'l, 
1^  micrometer. 

Side  tool  35*  rake, 
center  gage. 

i^X13U.S.S.tap,tap 
wrench,  oil,  nut  man- 
drel, calipers,  rule. 

Copper  sulphate, 
scriber,  rule. 

Clamp  dog,  13  pitch 
U.S.S.  thread  tool, 
center  gage,  thread 
calipers,  rule,  oil, 
drip  (tin)  pan. 

8'  to  10'  mill  bastard 
file. 

Heading  mills,  index 
head  and  chuck, 
milling  machine  nut 
mandrel,  oil,  1'  mi- 
crometer. 

i'  X  13  clamp  nut, 
and  nut  mandrel, 
rule,  side  tool. 

8*  or  10*  hand-smooth 
file,  nut  mandrel, 
copper  jaws,  90  em- 
ery cloth,  lard  oil. 


844  ADVANCED  MACHINE  WORK 

87.  To  make  pair  of  spring  bolts,  duplicate  process,  F^.  63. 


K^^ 


id- 


Fig.  63. — Schedule  Drawing. 


Speciflutions:  Material,  J"  hexagonal  "specml"  steel  }"  long; 
weight,  1  lb.  9  oz.    Hardnesa,  15  to  16  (sclerosoope). 

For  heat  treatment  see  Principles  of  Machine  Work. 

High-speed  steel,  or  Bt£llite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — Oil  lathe, 
4  min.  —  Center  and  square,  7  min.  —  Rough  and  finish  turn,  file  and 
fit,  41  min.  —  Thread,  25  min.  —  Drill  No.  42  hole  and  mill  or  cut 
spiral  grooves,  34  min.  —  Cut  off  bolts  and  drill  and  tap  for  grease 
cups,  35  min.  —  Clean  lathe,  3  min.  —  Total,  2  b.  34  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOIS 


OpEBATIdNH, 

Macbineb,  Speeds, 

Febds. 

Tool*. 

Center. 

See  that  live  center  ia  Dearly 

Engine  lathe,  12"  to 

true  and  dead  ceatei  in  ap- 

16". 

Rough  squM«  7j"  +  Vi"  (D- 

3d  or  4th  speed,  or  50 

Dog,  holder  and  cut- 

(!'). 

F.P.M.   Hand  feed. 

ter  36°  rake,  caU- 
pera,  rule. 

Re  center. 

Omit  finish  square. 

Craw  lines  tor  groove  in  center 

Vise,  copper  jaws. 

Copper   aulphste. 

of  work  (a),  and  groovea  (or 

rule,     acriber     or 

lengthof  bodies  (3),  (>'). 

halt-round  file. 

Cnt  groof  ei  to  form  heads  at 

Engine  lathe,  2d  or  3d 

1"   cutting-off  t«4, 

{»  and  {»),  (a'),  to  !i"  di- 

speed,  or  40  F.P.M. 
Hand  feed. 

calipers,  rule,  oil. 

Rongh  turn  to  1"  +  A"  (*). 

2d  or  3d  speed,  or  60 

Holder    and    cutter 

(4'),  three  or  four  cuts. 

F.P.M.       Medium 

35''  rake,  Mdipeni, 

powerteed  — SOto 
1". 

rule. 
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True  live  center.  Set  dead 
center  in  accurate  alinement. 

Finish  torn  (S).  «')  to  .499" 
+  .003". 

FUe  to  limit  (S),  (O  or  to  fit 

iff    • 
nog  gage. 


Draw  lines  for  length  of  thread 

(•)  (O- 
Form  ends  (1)»  (l')t  to  length. 

Thread  ends  to  fit  i"  X  20 
U.  S.  F.  nut.  (•) ,  (r) ,  five  cuts 
.003'^  each,  two  cute  .003'' 
each,  three  cuts  .001"  each. 

Drill  grease  holes  through  the 
body  of  bolts.  (7).  (7'). 

Mill  or  cot  spirsl  oil  grooTes  (8) . 
(SO,  lead  one  turn  in  2"  to 
2i". 

Mount  in  chuck. 
Cutoff  bolts  (S). 


f/ 


Chamfer  heads  to  45^  and  ^ 
wide,  (t).  (to. 


Drill  holes  into  ends  of  bolts 
for  grease  cups  and  grease 
holes  (!•),  (ir). 

Tap  holes  for  grease  cups  (U), 
(UO-  Start  tap  in  lathe,  pull 
belt  downward  and  follow 
with  dead  center,  remove 
work,  finish  tap  in  vise. 

Case-harden  bodies  only,  or  all 
over. 


Engine  lathe. 

3d  or  4th  speed  or  70 
F.P.M.  Fine  power 
feed  —  140  to  1". 

4th  speed  or  q;>eed 
lathe,  3d  or  4th  speed 
or  176  F.P.M. 

Vise,  copper  jaws. 

3d  speed,  or  70  F.P.M. 
Hand  feed. 

Arrange  for  20 
threads.  Ist  or  2d 
speed,  or  25  F.P.M. 

Speed  lathe,  4  th  speed 
or  1400  R.P.M. 

Milling  machine,  2d 
or  3d  speed  or  en- 
ginelathe,  Istspeed, 
back  gears  in. 

2d  or  3d  speed,  or  40 
F.P.M.  Hand  feed. 

3d  speed,  or  70  F.P.M. 
Hand  feed. 

4th  speed,  or  450 
R.P.M.  Hand  feed. 


Engine    lathe, 
copper  jaws. 


vise. 


Oas  furnace,  1325^  F. 
to  1350<»  F. 


1    nuorometer. 


8''  or  10''  miU  has- 
tard  file,  l"  mi- 
crometer or  }"  ring 
gage. 

Copper  sulphate, 
rule,  scriber. 

Forming  tool  and  oil, 
or  graver. 

20  pitch  U.  S.  F. 
thread  tool,  center 
gagei"x20U.S.F. 
clamp  nut. 

V  center,  drill  chuck, 

No.  42  twist  drill, 
oil. 

X^"  convex  cutter, 
milling  machine 
centers,  or  ^" 
grooving  tool,  oil. 

Universal  chuck. 

i"  cutting-off  tool, 
oil. 

Holder  and  cutter  35^ 
rake,  or  right  side 
tool. 

Centering  tool,  drill 
chuck,  )J",  and 
No.  12  twist  drills, 
oil. 

i"  pipe  tap,  tap 
wrench,  oil.  See 
Principles  of 
Machine  Work. 


Tongs,    cyanide    of 
potassium. 


Exception,  —  If  convenient  to  use  a  universal 
rough  turn  bodies  of  bolts  to  .499"  +  .012"  (4), 
bolts  are  case-hardened  mount  on  threaded  center 


grinding  machine, 
(40  and  then  after 
and 


Grind  to  limit  (IS),  (1^). 
p.  7l5. 


See 


Universal       grinding 
machine. 


Grinding  dog,  grind- 
ing wheel  60  K, 
vitrified,  1"  mi- 
crometer. 


Information,  —  If  castle  nuts  are  to  be  used,  holes  are  drilled  and 
cotter  pins  inserted  and  the  points  bent  back  as  shown  at  A,  Fig.  63. 

Attention,  —  If  desired,  the  spiral  oil  grooves  may  be  omitted  and 
a  straight  oil  groove  chipped,  on  one  side  only  of  each  bolt,  as  at  B, 
Fig.  63. 
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MAKING  A  TENSILE  TEST  SPECIMEN 
88.  To  make  tensile  test  specimea  of  steel,  wrought  iron, 
brass  or  bronze  for  testing  these  materials,  Fig.  64. 


.'T 


Fio.  64.  —  ScHCDDLB  Dbawino  of  Tensile  Test  Spgciuen. 

Spedfications:  Material,  machine  steel  ^j"  to  i"  large;  weight, 
11  oz.    Hardness,  15  to  18  (scleroecope). 

For  hea.t  treatmeDt  see  Principles  of  Machine  Work. 

High-speed  ateel,  or  atellite  cutting  tools. 

Time :  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathes, 
5  min.  —  Prepare  specimen,  35  min. — Thread,  30  min.  —  File  and 
polish,  10  min.  —  Clean  lathes,  5  min.  ^  Total,  1  h.  30  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opebationb. 

MACaiNM,  SpeBDB, 
Fbbds. 

TooM. 

Fit«  end.  flat. 

Center. 

See  that  live  center  is  nearly 

Engine  lathe,  13"  to 

true,  and  dead  ceater  in  ftp- 

16". 

If  enda  of  work  ara  Dearly  flat 

and  lenRth  is  within  the  limit 

all  squuriDg  may  be  omitted. 

otherwise 

RooEh  Bqaare  to  limit  (1).  (!'). 

3dBpeed.or50F.P.M. 

Dor.      holder     and 

Hand  feed. 

cutter    35°     rake, 
cftlipere.  rule. 

Omll  flnidi  squue. 

Ron(h  turn  to  i"  +  A".  (»). 

2d  or  3d  speed,  or  50 

Holder    and    cmt*r 

(3'),  one  cut.        Turn  half 

F.P.M.       Medium 

35°  rake,  caUpen, 

way.  reverse  and  turn  other 

power  teed  —  80  to 

rule. 

half. 

1". 
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True  live  center.  Set  dead 
center  in  eccurate  elinement 
naingtliis  piece. 

Draw  lines  }"  from  each  end 
for  length  of  thread  (8).  (SO- 

Rough  turn  to  ^"  (4),  (40,  one 
or  two  cuts. 


Draw  lines  V  from  each  end  to 
give  length  of  body  (4),  (4'). 

Roagh  torn  to  ||"  (*)•  ^^^  ^^ 
two  cuta. 


Finish  turn  to  *^^// 
(f),  (y),  one  cut. 

Finish  turn  to  .505"  -f  .002" 
for  filing  (•),  two  or  three 
cuts.  Adjust  forming  tool 
with  thread  stop  and  turn 
body  and  both  fillets  (7). 
(70.  with  same  setting. 

Chamfer  ends  to  30^. 


Thread  to  lit  nut  or  to  limit  (t). 
(f),  nine  cuts  .005"  each, 
five  cuts  of  .003"  each,  and 
three  to  five  cuts  of  .001" 
each.  See  Adjustable  Limit 
Snap  Thread  Gage,  p.  225. 


File  to  remoTO  tool  marks  and 
to  Umit  (•). 


Polish  (•). 


Lathe  or  vise. 

Engine  lathe,  2d  or  3d 
speed,  or  50  F.P.M. 
Medium  power  feed 
—  80  to  1". 

Lathe  or  vise. 

2d  or  3d  speed,  or  50 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

3d  or  4th  speed,  or 
70  F.P.M.  Me- 
dium power  feed  — 
80  to  1". 

2d  or  3d  speed,  or  50 
F.P.M.   Fine  power 
feed  —  140  to  1". 
Hand  feed  for  fillets. 


3d8peed,or70F.P.M. 
Hand  feed. 

Arrange  for  10  threads.  | 
1st  or  2d  speed,  or  ' 
25  F.P.M. 


Speed      lathe, 
F.P.M. 


Highest  speed. 


175 


(2!opp^r        sulphate, 
scriber,  rule. 

Calipers,  rule. 


Copper        sulphate, 
scriber,  rule. 

Calipers,  rule. 


1"  micrometer. 


Forming  tool  35^ 
rake,  1"  microm- 
eter, apply  .oil 
with  brush  or  can. 


Right  side  tool,  cen- 
ter gage. 

10  pitch  U.  S.  S. 
thread  tool, 
U.  S.  S.  Umit 
thread  gage,  or 
thread  micrometer 
(8eep.l2l4),}"X 
10  clamp  nut,  lard 
oil. 


i"  X  10  damp  nut, 
8"  or  10"  mill- 
bastard  or  mill- 
smooth  file. 

120  emery  cloth,  pol- 
ing clamps,  oil. 


AUeniion.  —  If  the  feed  ia  fine  and  the  finishing  cut  smooth,  filing 
may  be  omitted  as  polishing  alone  will  remove  the  tool  marks. 

Important.  —  The  body  must  bq  smooth  and  tangent  with  fillets 
as  any  shoulder  or  groove  will  make  the  specimen  useless. 
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MAKING  A  STUD 
89.  To  make  a  stud,  Fig.  65. 

4f  -;— 


•l/ 


I  I 


I 


■H 


I 


I 


fituNNiNQPiT jfrf^o»Hornyf"V!!SZ  \ 


T 

'^  m 


®  ®  ©      ©      ®      ®      ^ 


t 


Fig.  65.  —  Schedule  Drawing. 

Spedflcations:  Material,  machine  steel  yV"  ^  i"  large;  weight, 
2  lbs.    Hardness,  14  to  16  (scleroscope). 

For  heat  treatment  see  Principles  of  Machine  Work, 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe, 
4  min.  —  Square,  rough  turn,  file  and  fit,  1  h.  10  min.  —  Thread  and 
drill  hole,  18  min.  —  Clean  lathe,  3  min.  —  Total  1  h.  40  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 

Machines,  Speeds, 
Feeds. 

Tools. 

Center. 

■ 

See  that  live  center  ia  nearly 

Engine  lathe,  12"  to 

true,  and  dead  center  in  ap- 

16". 

proximate  alinement. 

Rough  square  4t",  (1),  {2). 

2d  or  3d  speed,  or  50 

Dog,  holder  and  cut- 

F.P.M.  Hand  feed. 

ter  35**  rake,  cali- 
pers, rule. 

Recenter. 

Omit  finish  square. 

Rough  turn  to  li",  (9),  one  or 

Medium   power   feed 

Holder    and    cutter 

two  cuts.   Turn  half  way,  re- 

— 80  to  1". 

35^  rake,  calipers. 

verse  and  turn  other  half. 

rule. 

Draw  Unes  (4),   (5),  (6),  for 

Viae,  copper  jaws. 

Copper        sulphate, 

lengths  of  running  and  forc- 

rule, scriber. 

ing  fits  and  thread. 

Cut  grooves  at  lines  (4),  (5), 

Engine  lathe,   1st  or 

i"  cutting  off  tool. 

.01"  smaller  than  diameters 

2d    speed,     or    30 

calipers,  rule,  oil. 

(8).  (•),  and  4"  at  (6),  the 

F.P.M. 

root  diameter  of  thread. 

MAKING  A  STUD 
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Rough  turn  (7).  (8),  (•),  ^" 
large,  one  or  t^vro  outs  termi- 
nating in  grooves. 

Tme  live  center.  Set  dead 
center  in  accurate  alinement. 

Finish  torn  (7)  to  |",  (8)  to 
.7510"  +  .003",  (»)  to  .9990" 
4-  .003/' 

Chamfer  ends  (!•),  45*';  (11) 
30*». 

File  (•)  to  a  mnning  lit  in  work 
or  gage,  or  to  limit,  and  (8), 
to  a  light  forcing  fit  in  work, 
or  to  Umit. 

Thread  (7)  to  fit  nut.  Take 
ten  cuts  .005"  each,  three 
cuts  .002"  each.  Then  take 
one  cut  .001".  Clean  thread 
and  test,  and  repeat  ^uts  of 
.001",  if  necessary.  Depth 
of  thread  .059". 

Rechamfer  to  30^  (11). 

Drill  and  slightly  countersink 
cotter  pin  hole  (13). 


Stamp  name  on  large  end. 


2d  or  3d  speed,  or  50 
F.P.M.  Medium 
power  feed  —  80  to 


1". 


3d  or  4th  speed.  Fine 
power  feed  —  140 
tol". 

Hand  feed. 


4th  speed. 


Arrange  for  1 1 
threads.  1st  or  2d 
speed,  or  25  F.P.M. 


3d  speed,  or  70  F.P.M. 

Vise,  copper  jaws. 
Speed  lathe,  3d 
speed,  or     600 

R.P.M. 


Vise,  copper  jaws. 


Calipers,  rule. 


Calipers,  1"  microm- 
eter. 

Center  gage. 

8"  or  10"  mill  bas- 
tard file,  file  card 
1"  micrometer. 

11  pitch  U.  S.  S. 
thread  tool  and 
gage,  center  gage, 
t"xll  U.  S.  S. 
nut,  oil. 


Center  gage. 

Scriber,  rule,  center 
punch,  hammer, 
A"  twist  drill,  drill 
chuck,  counter- 
sink, y  center,  oil. 

i"  steel  letters,  ham- 
mer. 


Exception.  —  Grooves  at  (4)  and  (5)  may  be  cut  .01"  under  size, 
and  diameters  (8)  and  (9)  rough  turned  .008"  over  size  and  ground 
to  size. 

Information.  —  There  are  two  methods  of  making  a  shoulder  on 
studs,  bolts,  shafts,  etc.  One  is  to  cut  a  groove  and  terminate  all 
cuts  in  this  groove.  The  other  is  to  turn  close  to  a  desired  point, 
then  square  the  shoulder  by  the  "step  method." 

90.  Formulas  of  bolt  heads  and  nuts.  —  While  finished  heads 
and  nuts  (U.  S.  S.)  are  often  made  ^'^  smaller  than  the  rough, 
it  is  best  to  make  both  the  same  size  and  to  use  the  same 
wrench. 

The  short  diameter  or  width  across  flats  =  1^  X  diameter 
of  bolt  +  J"  for  rough  size  and  +  tV''  for  finish  size. 
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The  long  diameter  or  distance  across  corners  of  square 
head  or  nut  =»  short  diameter  X  1.414. 

The  long  diameter  of  hexagonal  head  or  nut  «  short  diam- 
eter X  1.155. 

Thickness  of  nut  =  diameter  of  bolt. 

Thickness  of  head  —  ^  short  diameter  of  head. 

Table  of  United  States  Standard  bolt  heads  and  nuts 
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25 

3125 
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4375 

5 
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75 
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23 
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25 
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5  I1.4902 

5  il.6152 

7113 
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2. 1752 

2.4252 

3 J  ,2.6288 


4J  ,1. 

45  1 

4  ' 
4 


.0056 
.0069 
.0078 
.0089 
.0096 
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.0114 
.0125 
.0139 
.0156 
0179 
.0179 
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.0227 
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.  0357 
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.840 
.972 
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1.767 
2.032 
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2.662 
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6.009 
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AtUntum,  —  A  bolt  is  usually  threaded  a  distance  equal  to  twice  the  body 
diameter. 
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91.  International  and  French  Standard  threads. 

Diameter  and  pitch  in  Metric  Measure. 

p  =  pitch. 

d  =  depth  =  p  X  .6496. 


Formula 


/  -  flat  =  ?  . 
•^  8 


FiQ.  66. 


92.  International  Standard  thread. 


^3 


6 

7 
8 
9 

in 
11 
12 

14 
16 
18 


s 


1.0 

1.0 

1.25 

1.25 

1.5 

1.6 

1.75 

2.0 

2.0 

2.5 


DiAM. 

* 

AT  Root 

li 

OF 

Sa 

Thread, 

Ii^ 

U/M. 

6^ 

4.70 

20 

5.70 

22 

6.38 

24 

7.58 

27 

8.05 

30 

9.05 

33 

9.73 

36 

11.40 

39 

13.40 

42 

14.75 

45 

2.5 
2.5 
3.0 
3.0 
3.5 
3.5 
4.0 
4.0 
4.5 
4.5 


DiAM. 

AT  Root 

OP 

Thread, 

M/U. 


16.75 
18.75 
20.10 
23.10 
25.45 
28.45 
30.80 
33.80 
36.15 
39.15 


48 
52 
56 
60 
64 
68 
72 
76 
80 


5.0 
5.0 
5.5 
5.5 
6.0 
6.0 
6.5 
6.5 
7.0 


Dam. 
AT  Root 

OF 

Thread, 

M/M. 


41.51 
45.51 
48.86 
52.86 
56.21 
60.21 
63.56 
67.56 
70.91 


93.  French  Standard  thread. 


d 

• 

DiAM. 

M  a 

• 

DiAM. 

• 

Diam. 

i 

5^ 

Pitch  in 

MlLLIMEl 

AT  Root 

OF 

Thread, 

M/U. 

z  a 
s  3 

Pitch  in 

MlLUMEl 

AT  Root 

or 
Thread, 

m/m. 

Pitch  in 

MlLLIMET 

AT  Root 

OF 

Thread, 
m/m. 

3 

0.5 

2.35 

16 

2.0 

13.40 

36 

4.0 

30.80 

4 

0.75 

3.03 

18 

2.5 

14.75 

38 

4.0 

32.80 

5 

0.75 

4.03 

20 

2.5 

16.75 

40 

4.0 

34.80 

6 

1.0 

4.70 

22 

2.5 

18.75 

42 

4.5 

36.15 

7 

1.0 

5.70 

24 

3.0 

20.10 

44 

4.5 

38.15 

8 

1.0 

6.70 

26 

3  0 

22.10 

46 

4  5 

40.15 

9 

1.0 

7.70 

28 

3.0 

24.10 

48 

5.0 

41.51 

10 

1.5 

8.05 

30 

3.5 

25.45 

50 

5.0 

43.51 

12 

1.5 
2.0 

10.05 
11.40 

32 
34 

3.5 
3.5 

27.45 
29.45 

14 

- 
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INDEXING  IN  ENGINE  LATHE 

M.  To  index  in  sn^iu   lathe,  Fig.  67.  —  To  file  round 

work  square  or  hexagonal,  or  to  drill  diametrically  through 

a  shaft,   equi^tant  lines   may  be  drawn  on  the  work  to 

facihtate  the  operations. 


Fio.  67.  —  Indexing  in  thb  L&thz. 
SCHEDULE  OP  OPERATIONS 


To  divide  tap  shank  or  bolt 
head  circumference  into  four  equal 
parts,  A,  B,  C,  D,  Fig.  67.  Select 
engine  latbe  with  headstock  gear 
divisible  by  4,  aa  72  +  4  -  18. 
Count  headatock  gear  and  markdi- 
vbions  with  chalk.  Mount  blank 
Eon  centers  with  wedge  ^between 
dog  and  face  plate  to  prevent  back- 
lash. Use  painted  tool  Q  to  mark 
line  H  required  distance  fromend. 

Place  file  /  against  under  side 
of  chalked  tooth;  rotate  lathe 
until  file  touches  headstock  at  J. 


With  the  left  band  press  the 
handle  downward  until  file  touches 
the  bed  at  K  and  hold  it  in  this 
position. 

With  the  right  hand  operating 
cross  feed,  move  tool  to  lightly 
touch  work,  then  change  the 
right  hand  te  long,  feed  handle 
and  move  the  carnage  to  make  a 
line  with  the  tool.  For  the  other 
lines  repeat  at  the  other  chalked 
teeth  on  gear.  Two  lines  are 
also  shown  at  A',  B'. 


96.  To  make  11"  engine  lathe  live  center.  Fig. 


ScHEOnLB   DRAWtNO. 


MAKING  ENGINE  LATHE  LIVE  CENTER 
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Spedficatioiis:  Material,  machine  steel  ^^'  to  i^'  large;  weight, 
1  lb.  9  oz.    Hardness,  15  to  18  (scleroscope). 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  lathe, 
4min.  —  Make  center,  53  min.  —  Clean  lathe,  3  min.  —  Total,  1  h.  6 
min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Center. 

See  that  live  center  is  nearly 
true  and  dead  center  in  ap- 
proximate alinement. 

Roogh  square  to  6}",  (1),  (S). 


Recenter. 

Omit  flniah  square. 

Tom  taper  shank  .602"  to  1', 

Set  oTer  lootstock  to  .1568"  or 
/f ',  or  use  taper  attachment. 

Rough  torn  taper  (8) ,  to  {{"  at 
small  end,  one  or  two  cuts. 
Terminate  cuts  close  to  dog. 

Take  a  light  trial  cut  about 

.004"  or  .005",   (4).        To 

complete     this    taper,     see 

Schedule  of  Operations,  p. 

229. 
Smooth  torn  reduced  part  to 

Wf  i^)t  one  cut.      Round 

comer  (•). 
Reverse  work  and  set  tool  at 

30®,     approximately,     with 

work. 
Rough  torn  point  of  center  (7), 

to  leave  stem  (8) ,  as  shown, 

seven  or  eight  cuts. 

To  finish  point  (t),  place  center 
in  live  spindle.  See  Truing 
centers,  p.  Il4. 

Stamp  name  on  (1). 


Machines,  Speeds, 
Feeds. 


Engine  lathe,  12" 
16". 


to 


3d  or  4th  speed,  or  50 
F.P.M.  Hand  or 
power  feed. 


2d  or  3d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

3d  or  4th  speed,  or  70 
F.P.M.  Fine  power 
feed  --  140  to  1". 


3d  or  4th  speed,  or  70 
F.P.M.  Fine  power 
feed  —  140  to  1". 


2d  or  3d  speed,  or  50 
F.P.M.  Medium 
power  feed  —  80  to 
1",  or  hand  feed. 

2d  or  3d  speed,  or  50 
F.P.M.    Hand  feed. 

Vise,  copper  jaws. 


Tools. 


Dog,  holder  and  cut- 
ter 35^  rake,  cali- 
pers, rule. 


Rule,  dividers. 

Holder  and  cutter 
35**  rake,  calipers, 
rule. 

Morse  t  aper-ri  ng 
gage  No.  3,  chalk 
or  Prussian  blue. 


Holder   and 
graver. 

Center  gage. 


cutter, 


Center  truing  tool, 
side  or  cutting-ofif 
tool,  center  gage. 

i"  steel  letters,  ham- 
mer. 


Information.  —  Live  centers  are  usually  machine  steel.  Dead 
centers  are  carbon  steel  fitted  to  footstock  spindle  and  of  a  length 
that  when  spindle  is  run  back  nearly  as  far  as  it  will  go,  the  center 
will  be  forced  out.  The  conical  point  is  hardened  and  tempered  to 
a  straw  color  and  often  ground.  If  a  center  is  made  of  annealed 
carbon  steel,  the  cutting  speeds  may  have  to  be  reduced. 
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AUTOMOBILE  SCREWS  AND  NUTS 
96.  The  Society  of  Automotive  Engineers'  standard  screws 


and  nuts. 


ANY 


CASTLE 
NUT 


F 
K 


AUTOMOBILE 
BOLT 


I 


MP¥^    g;  -mfh  FOR  ALL  SIZES 


PLAIN 
NUT 


-«HI*- 


Fig.  69. 


Formula 


d  = 


pitch. 

depth  =  /)  X  .6495, 

flat  =  2 . 
8 


Fig.  70. — United  States 
Standard  Thread. 

Diameter  of  screw  =  nominal  diameter  —  .001''. 

Thread  =  U.  S.  S.  in  form  but  with  finer  pitches.  Taps  and 
dies  are  marked  U.S.F. 

Heads  and  nuts  are  semi-finished  but  smaller  than  U.  S.  S. 

Screws  soft.  Plain  nuts  soft.  Castle  nuts  case-hardened. 
Nuts  should  be  a  good  fit  on  screw —  without  perceptible  shake. 

The  tap  is  from  .002"  to  .003"  larger  than  standard  at  the  top 
of  thread  to  give  the  screw  clearance  in  the  nut.  Material 
for  screws  and  nuts,  machine  steel;  tensile  strength,  100,000  lbs. 
per  square  inch;  elastic  limit,  60,000  lbs.  per  square  inch. 

Threaded  portions  of  screw  should  be  one  and  one-half  times 
the  body  diameter. 

Attention.  —  The  castle  nut  is  used  where  a  positive  lock- 
ing system  is  desired. 

Important.  —  It  is  best  to  use  U.S.S.  threads  on  soft  material 
such  as  aluminum  and  cast  iron;  and  also  on  brass  and  bronse 
if  subjected  to  great  strains. 


AUTOMOBILE  SCREWS  AND  NUTS 
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Dl.VMETER   OF 

Cotter  Pin. 


WiUTH  OF  Slot 
Df  Castlb  and 

DiAMSTEB  OF 

Cotteh  Pin  Hoia. 


CO 


S 

80 

09 

I 
I 

(A 


CO 

i-i 

0) 
•I 

o 

B 

o 

I? 

(0 

2 


Diameter  of  Fac- 
ing t  NDER  Head 
AND  Nut,  Axao 
DiAaiETEB  of 
Cattle. 


S 


Height  of  Castle, 
also  Depth  of 

Slots. 

h^ 

"B"B  .^  .^"H"Hh«  h«  -^  H«  »^'^'°C-«I»o**» 

Thickness  of 
Castls  Ncts. 

» 

iH  iH  iH  iH  iH 

Thickness  of 
Plain  Nut.             ■     *^ 

•    fH  ^  ^ 

Depth  of  Slot 
IN  Head. 


Width  of  Slot 
IN  Head. 


Length  of 
Thread. 


Ui 


Thickness  of 
Head. 


» 


fHiHr-lfHiHiHOCI 

Sr^o><o<ooc4iot«coQaoaoQ»o 

iO*OC>r«ODOO«HCl'^OiOQOi-iQO 

,H  ^*  *H  *H  «H  «H  C^'  C4  CO  CO 

^  ,-1  ,-1  fH  w^w-t  eq  « 

f-4  ^^  »H  ^H  fH 
rN  »^  »-•  »i^  IH 


Across  Corners 

OF 

Head  and  Nut. 


Across  Flats 

OF 

Head  and  Nxtt. 


Sizes  of 
Body  Drills. 


Sizes  of 
Tap  Drills. 


Threads  per 
Inch. 


A 


Nominal 
Diameter  of 
Screw. 
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97.  Lock  washers  are  used  to  hold  plain  automobile  nuts,  as 
in  Fig.  71.  The  washer  is  cut  open  at  Ay  and  bent  up  at  B  and 
down  at  B'.  When  nut  is  screwed  down  hard  these  projections 
cut  into  both  nut  and  seat  and  prevent  nut  becoming  loose. 


NUT 


B 


LOCK 
WASHIR 


Fig.  71. — Fastening  a  Plain  Nxjt  with  Lock  Washkb. 

98.  Constants  for  finding  diameter  at  bottom  of  U.  S.  S., 
U.  S.  F.  and  V  threads. 


Thrkads 

U^S.  8.  AND 

U.  S.  F. 
Constant 

y  Thbsad 

Thxbaiw 

U.  S.  S.  AND 

U.  8.  F. 
Constant 

V  Thbsad 

FEB  Inch 

Constant 

PBB  Inch 

Constant 

3 

.43301 

1 
.57733 

18 

.07217 

.09623 

3J 

.37115 

.49487 

20 

.06495 

.08660 

4 

.32476 

.43301 

22 

.05905 

.07873 

4J 

.28868 

.38490 

24 

.05413 

.07217 

5 

.25981 

.34641 

26 

.04996 

.06662 

5J 

.23619 

.31492 

28 

.04639 

.06186 

6 

.21651 

.28868 

30 

.04330 

.05773 

7 

.18558 

.24744 

32 

.04059 

.05413 

8 

.16238 

.21651 

36 

.03608 

.04811 

9 

.14434 

.19245 

40 

.03248 

.04330 

10 

.12990 

. 17321 

44 

.02952 

i03936 

11 

.11809 

.15746 

48 

.02706 

.03608 

12 

. 10825 

.14434 

50 

.02598 

.03464 

13 

.09993 

. 13323 

56 

.02320 

.03093 

14 

.09279 

. 12372 

60 

.02165 

.0288 

16 

.08119 

.10825 

64 

.02030 

.02706 

Formula,  — 


C   B  Constant  for  number  of  threads  per  inch. 
D  =  Outside  diameter. 
Di  =  Diameter  at  bottom  of  thread. 
I A  -  Z)  -  C. 

Example,  —  Given  outside  diameter  of  U.  S.  F.  screw  thread,  i  inch, 
20  threads  per  inch,  find  diameter  at  bottom  of  thread.  Expressed 
in  decimals  D  =  .500*  constant  for  20  threads,  U.  S.  F.,  C  =  .06495; 
diameter  at  bottom  of  thread  A  =  .500*  —  .06495  ==  .43605*  or  prac- 
tically :lV^ 
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SECTION  4 

LATHE  WORK 

Chucks.     Face  Plates.    Chuddiig.    Reandng.     MschfaJTig  Alloys, 

etc    liandrels  or  Arbors.    Taming  Flanges.    Turning  Pulleys. 

Polishing  Lathe  Work.    Curve  Turning  and  Forming.    Making 

Focmed  Machine  Handles.  Polishing,  Buffing  and  Lacquering. 

CHUCKS 

1.  The  term  chuck  has  a  double  meaning,  —  First,  it  b  the 
device  used  for  holding  work,  drills  or  other  tools.  Second,  it 
is  the  act  of  securing  work  in  a  holding  device.  See  Chucking. 
Chucks  are  indispensable  to  a  large  class  of  work. 

2.  Attaching  chucks  to  machine  spindles.  —  Drill  and  other 
small  chucks  are  attached  by  a  double-ended  taper  arbor  or 
shank,  one  end  fitting  the  taper  hole  in  chuck  and  the  other 
the  taper  hole  in  spindle.  Lathe  chucks  are  usually  attached 
by  a  threaded  back  plate.     See  p.  608. 

3.  Chuck  jaws.  —  Four  genersd  kinds.  Fig.  1 : 


DRILL  LATHE  MILLING  BRASS 

JAWS  JAWS  MACHINE  (SLIP) 

JAWS  JAWS 

Fia.  1. — Chuck  Jaws.    Four  Kinds. 

Drill  jaws,  for  holding  drills,  rods,  and  similar  pieces,  also  for 
holding  hollow  work  by  the  inside. 
Lathe  jaws,  for  lathe  work  of  large  diameter. 
MiUing-machine  jaws,  used  on  milling  machines. 

Brcus  (sKp)  jaws,  for  brass  work. 
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Ijiformation-  — The  jaws  of  aome  chucka  may  be  reversed 
and  used  either  as  drill  or  lathe  jaws. 

4.  Classes  of  chucks.  —  Drill,  iodependent,  universal,  com- 
binatioD,  and  draw-in  chucks. 

6.  A  drill  chuck  is  used  to  hold  drills  and  small  work. 

6.  An  independent  chuck,  Fig.  2,  is  one  in  which  each 
jaw  is  moved  independently  with  wrench.  Chuck  A  con- 
sists of  disk  B  screwed  to  spindle  of  headstock  C.  Lathe 
jaws  D,  stepped  to  suit  different  diametets  of  work,  slide  in 
slots  in  disk  B  and  are  moved  bj  screws  E,  E,  operated  by  a 
special  wiench. 


Fio.  2,  —  Indepbndent  Cbuck.    Facing  Disk. 

Impea-tani.  —  Concentric  circles  are  marked  on  the  face  of 
some  independent  and  combination  chucks  to  facilitate  seU 
ting  jaws  and  work.    See  p.  12i2. 

Attention.  —  Independent  chucks  are  better  adapted  for 
Tough  work  than  universal  chucks. 

7.  To  true  up  and  hold  woik:  in  an  independent  chock.  — 
Grip  work  tightly.  Run  lathe  at  a  moderately  high  speed 
rest  hand,  on  carriage  and  hold  a  piece  of  chalk  to  just 
touch  work.     Stop  lathe,  loosen  jaw  or  jaws  opposite  psi* 
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marked  by  chalk  and  set  others  ia.  Erase  chalk  mark  and 
test  again,  continuing  until  work  rune  true,  then  set  all  jawi 
up  hard.  Fig.  2  shows  also  the  operation  of  facing  work  J' 
with  cutting-in  tool  G. 

8.  A  universal  chuck,  Fig.  3,  is  one  whose  jaws  move 
to  and  from  the  center  simultaneously  and  concentrically. 
Chuck  A  is  screwed  to  spindle  of  headstock  B.  This  is  known 
as  a  geared  scroll  chuck,  and  is  made  with  either  drill  jaws,  as 
shown,  or  lathe  jaws.  It  consists  of  shell  C,  three  bevel 
pinions  E  in  mesh  with  an  annular  l>evel  gear,  upon  whose 
face  is  a  scroll  which  engages  jaws  D.  This  chuck  should  be 
used  for  smooth  work. 


Fia.  3. — TJniverbai.  CAuck.    TnRHiNa  Sleevb. 

9.  To  true  np  and  hold  work  in  a  universal  chuck.  — 
Place  work  in  chuck,  "  set  up  "  jaws  by  one  pinion,  run  lathe 
and  use  chalk  aa  before.  If  not  true  enough,  loosen  and 
turn  work  about  one-quarter  of  a  revolution;  tighten  pinion 
and  test  again;  when  right,  tighten  pinions  hard. 

Fig.  3  also  shows  how  a  bushing  is  made  from  bar  F. 
The  bar  is  squared,  then  drilled  and  reamed  by  chucking 
method  (see  pp.  409, 4l7),  turned  with  tool  G,  and  cut  off  with 
cutting-oS  tool. 
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10.  A  combiQation  chuck,  }i1g.  4,  is  a  chuck  in  which 
the  jaws  may  be  moved  independently  or  simultaneously. 
When  moved  simultaneously,  jaws  may  be  set  either  con- 
centrically or  eccentrically.  Chuck  A  consists  of  shell  B  aod 
jaw3  C  moved  by  screws  D.  These  screws  mesh  with  thread 
on  back  of  jaws,  and  carry  pinions  which  can  be  placed  in 
mesh  with  an  annular  bevel  gear  controlled  by  device  on 
back  of  chuck.  When  in  mesh,  chuck  is  universal:  out  of 
mesh,  each  jaw  can  be  moved  independently.    In  Fig.  4  the 


Fia.  4. — Combination  Chcck  Hoi^ota  an  Eccentric 

jaws  are  set  eccentrically  with  annular  out  of  mesh,  then  an- 
nular is  thrown  in  mesh  and  the  jaws  are  controlled  as  in  a 
universal  chuck.  To  make  the  chuck  tiniversally  concentric, 
adjust  each  jaw  to  a  circle  on  face  of  chuck  and  throw  in  _ 
annular. 

11.  Special  chucks  can  be  made  or  ordered  from  a  manu- 
facturer. For  some  classes  of  work,  jaws  of  special  shftpe 
may  be  home-made  to  fit  a  regular  chuck. 

12.  Face  plate  jaws  are  obtainable  which  may  be  bolt«d 
to  a  face  plate  and  used  as  a  chuck. 
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13.  Draw-in  (spring)  chucks,  or  collets,  Fig.  5,  are  used  oa 
toolmakers'  and  watchmakers'  lathea  and  also  on  some  engine 
and  turret  lathes  to  hold  bars  or  rods,  as  BB\  The  rod  is 
passed  through  the  spindle  and  accurately  held  by  the  chuck, 
and  from  the  rod  small  screws,  studs,  bolts,  etc.,  may  be 
conveniently  made  without  preliminary  cutting  off,  centering, 
squaring,  etc. 


Fia.  S. — TiTRNtNQ  Bod  Held  1K  Dsaw-im  Cbdck. 


The  steep  taper  on  the  chuck  fits  the  conical  hole  in  end 
of  spindle.  The  chucl^  is  elitted  a  abort  dbtance  at  three 
equidistant  points,  and  rotating  wheel  C,  which  operates  a 
hollow  shaft  that  passes  through  the  spindle  and  makes  a 
threaded  connection  to  end  of  chuck,  draws  the  chuck  into 
its  seat  to  grip  the  bar  or  rod. 

14.  Care  of  chucks.  —  All  chucks,  and  especially  univeisat 
chucks,  are  short-lived  for  accurate  work  unless  used  intelli- 
gently and  properly  cared  for;  they  should  be  cleaned  and 
oiled  frequently. 
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15.  Mouating  and  removiag  chucks.  —  Clean  and  oil 
thread  of  both  chuck  and  spindle,  remove  live  center  and 
plug  hole  with  clean  waste.  Hold  chuck  square  against  nose 
of  spindle  with  light  hand  or  arm  and  rotate  lathe  with 
left  hand  until  the  chuck  comes  against  shoulder  on  spindle. 
Small  chucks  may  be  loosened  by  grasping  one  jaw  with  a 
monkey  wrench  and  striking  the  handle  a  sharp  blow  with 
the  hand;  large  chucks,  by  placing  a  block  of  wood  between  a 
jaw  and  the  bed  of  lathe  and  rotating  lathe  backward  (with 
back  gears  in)  by  band.  Arbor  or  ahank  chucks  are  inserted 
and  removed  the  same  as  lathe  centers. 

AlterUion.  — To  avoid  springing  work  held  in  a  chuck,  the 
jaws  should  be  forced  agfunst  the  solid  parts,  if  convetuent, 
as  the  arms  of  a  pidley. 

In  some  classes  of  light  work,  it  is  often  necessary  to 
loosen  the  jaws  slightly  before  taking  a  finishing  cut  either 
when  turning  work  held  in  a  chuck  or  when  boring  or 
reaming. 

FACE  PLATES 

16.  To  bold  work  on  fate  plate.  —  Some  work  can  be 
clamped  to  a  large  face 

plate  and  machined  more 
accurately  and  conven- 
iently than  if  held  in  a 
chuck.  The  work  B  is 
clamped  to  face  plate  A, 
Fig.  6,  by  clamps  C 
and  C  and  bolts  D  and 

ly. 

If  a  finished  surface 
ia  to  be  clamped  against 
a  face  plate  or  other  fin- 
ished   surface,    insert    a 

sheet   of   paper   between      F,a.  6.-CLA«Pmo  Wohk  »o  F*c« 
to  prevent  slipping.  Flats. 
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17.  To  clomp  on  engine  crank  to  face  plate,  Fig.  7.  — To 
face  plate  A,  crank  B  ia  bolted  by  bolta  C  aod  C  and  clamp 
D,  in  order  to  bore  out 
hole  E  and  turn  and 
face  hub    F.     Before 
clamping  to  face  plate, 
plane  the  crank  on  its 
'    face  and  hne  out  the 
holes,  as  at  /f  and  /, 
Fig.  8.  Describe  circles 
of  the  required  diam- 
eter around  the  cored 
holes  the  proper  dis- 
tance   apart    for    the 
crank  throw.     To  pro- 
vide centers  for  circles, 
drive  pieces  of  wood 
into     holes     to     form 
bridges,  as  at  J  and  J'.    Turn  down  the  comers  of  a  piece 
of  tin,  and  drive  it  into  the  center  of  the  bridge,  as  at  £  and 
K'.     Rotate  lathe  by  hand  and  move  crank  by  rapping  until 
circle  is  true  to  axis  of  rotation  when  tested  with  scriber  L, 
Fig.  7,  then  clamp  crank  hard  to  face  plate. 


Fio.  8.  — Laiino  Odt  Holbb  ih  Engine  Crank. 


18.  A  counter  weight  to  balance  work  is  bolted  to  face 
plate  at  M,  Fig.  7,  in  order  to  balance  the  eccentrically  placed 
watk  and  insure  smooth  running  and  accuracy. 

19.  To  hold  work  irith  an  angle  plate.  —  Angle  plate  A, 
Fig-   9,   is  a   useful   fixture   for   various   machine    tools.     It 
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18  planed  all  over  with  the  faces  at  right  anglee  (90°).  It 
is  bolted  to  face  plate  B,  and  pillow  block  C  is  clamped  to 
inside  surface  by  bolts 
D  and  D'  and  clamps  E 
and  E'.  F  is  a  counter- 
balance. Before  boring, 
the  pillow  block  has  had 
its  base  planed  and  the 
cap  fitted  and  screwed 
on.  A  circle  of  proper 
diameter  is  described 
around  the  cored  hole 
and  center  pimched. 
Theanglepkte  and  work 
must  be  adjusted  until 
this  circle  runs  true,  ' 
after  which  hole  G  may 
be  bored  and  reamed. 

CHUCKING 

20.  A  method  of  drilling  and  reaming.  —  In  chucking,  the 
drill  is  stationary,  while  the  work  rotates.  In  drilling,  the  drill 
rotates  and  the  work  ia  stationary.  Boring  is  the  enlarging 
of  a  hole  with  a  boring  tool,  see  pp,  604-fiO6,  or  boring  bar,  see 
pp.  610-619.  Chucking  is  used  where  it  would  be  impracticable 
to  drill. 

21.  Cbucking  solid  work  with  regular  two-lipped  twist  drill 
in  engine  lathe,  Figs.  10,  11,  12. 

Speddcations:  CeuteriDg  tool,  twist  drill  t^o"  to  Vr"  small,  drill 
holder,  chucking  reamer  .005"  small,  hand  reamer  standard  size, 
reamer  wrench.    Set  dead  center  in  approximate  alinement. 

Speed  for  chuctiug:  Use  the  same  cutting  speed  that  would 
be  used  in  rough  turning  work  equal  in  diameter  to  the  drill  or 


SCHEDULE   OF  OPERATIONS 


1.  Mount  work  A  in  chuck  B, 
Fig.  10. 

2.  True  up  work,  see  pp.  402, 


3.  To  start  drill  in  woTk  A,  cut 
true  cavity  as  laige  as  diameter 
of  drill  but  at  a  slightly  more 
acute  angle  than  point  of  drill. 
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Fig.  10.  —  CuTTiNo  a  Conical 
CAvm  AxuLLT  Tbue  to  Stabt 
Twist  Drill. 


a^i  at  A'  with  centering  tool  C, 
Fig.  10. 

4.  Insert  taper  shank  drill  D 
in  drill  holder  B,  Fig.  II. 

5.  Plaee  point  of  drill  in  cavity 
and  holder  on  dead  center  with 
handle  resting  on  carriage. 

6.  Feed  drill  to  work  by  operat- 
ing footstock  spindle  with  right 
hand  and  pressing  holder  on  dead 
center  with  left  hand. 

7.  Power  ream  with  chucking 
reamer  by  same  method  aa  m 
drilling,  see  pp.  4l7, 418. 


Fig.  II.  —  CBDCKma  with  Taper  Shank  Twist  Drill. 


8.  To  hand  ream  hole,  see  pp. 
415-417.  The  hole  may  be 
drilled  with  a  straight  shank  drill 
using  holder,  as  in  A,  Fig.  12. 

If  a  drill  holder  is  not  obtain- 
able,  a  dc^  may  be  fastened  to  the 


drill,  a  tool  placed  upside  down  in  ' 
tool  post  of  lathe  and  pressed 
against  the  dog  to  keep  driU  on 
center,  as  in  B,  Fig.  12. 

If  the  carriage  is  heavy,  it  may 
be^ helped  along  by  left  hand. 


Fio.  12.  — Chdckino  with  Straioht  Shank  Twwt  Drill. 
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Warning.  —  Holder,  drill,  or  reamer  must  be  held  firmly  on  dead 
center,  for  if  allowed  to  slip  off,  work  and  tool  will  be  ruined. 

Information.  —  If  a  centering  tool  is  not  obtainable,  cut  a 
small  true  cavity  in  work  with  a  side  tool.  Feed  drill  to  the 
work  and  at  the  same  time  press  butt  end  of  lathe  tool,  as  at  F, 
Fig.  11,  against  ^de  of  drill  and  operate  cross  feed  until  drill 
runs  true  and  cuts  its  full  size.  By  this  method,  an  expert  cau 
start  a  drill  true  without  the  cavity,  but  a  student  will  need 
practice. 

Important.  —  Reamed  holes  have  a  very  slight  taper  and  the 
end  the  reamers  enter  is  always  the  larger;  therefore  drill  and 
ream  work  from  the  side  into  which  the  shaft  is  to  be  fitted. 

Attention.  —  Solid  work,  especially  steel,  is  chucked  with  a 
two-lip  twist  drill.  Three  and  four-groove  drills  are  used  for 
cored  work  (castings)  or  to  follow  a  two-groove  drill.  Smooth 
holes  may  be  made  with  a  drill  -riff"  to  bV"  small  and  a  hand 
reamer;  but  better  results  are  obtained  by  also  u^ng  a  fluted 
chucking  reamer  .005"  small  before  the  hand  reamer.  Sec 
pp.  4l7,  4l8. 

22.  To  chuck  cored  gear  castings  with  four-  or  three-groove 
twist  drill,  Fig.  13.  —  Bevel  cored  hole  in  casting  A  to  a  slightly 


less  angle  than  point  of  drill  B,  as  at  A',  and  to  the  full  diameter 
of  drill  with  side  tool  C.     This  true  and  acute  bevel  starts  the 
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irill  true  and  the  drill  cuts  to  its  full  size  before  its  end  reaches 
he  irregular  cored  hole. 

Drill  hole  riv"  to  ^f'  small;  power  ream  .005"  small  and  hand 
earn  to  size.  Cored  boles  over  1"  diameter  may  be  drilled 
rith  a  shell  drill  or  shell  chucking  reamer,  as  at  D^  Mg.  13. 

AUenJtion.  —  For  very  accurate  work,  a  hole  should  be  bored, 
3e  pp.  604y  505,  to  about  .005"  small,  and  then  hand  reamed, 
^  p.  4l6. 


fi^'        -         ^  %L  13 


3    c^ 


Flat  Chucking  Drill.  Gboovbd-Lip  Flat  Chucking 

Drill. 
Fig.  14. 

28.  Flat  chucking  drills.  Figs.  14-17,  are  often  used  for 
bucking  in  an  engine  lathe,  for  either  cored  holes  or  solid  work, 
iarge  countersink  A,  Rg.  14,  provides  a  firm  bearing  on  dead 
enter.  End  B  'ia  ^"  smaller  in  diameter  than  the  chucking 
eamer.    Point  CC  is  central  and  either  thinned  or  grooved  on 


xcz 
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Fig.  16. — TwianavLip  Flat  Chucking  Drill. 

K)th  sides,  as  at  D,  To  give  the  cutting  lips  some  rake, 
Tooves  may  be  ground  above  them,  one  of  which  is  shown 
t  EE',  Rg.  14.  A  better  way  is  to  twist  the  lips  as  at  F  and  G, 
^g.  15. 


Fig.  16.  —  Flat  Chucking  Reamer. 


24.  Flat  chucking  reamers,  Fig.  16.  —  The  cutting  edges  are 
IB  and  CD.  Head  E  is  from  .005"  to  .010"  under  size  to 
lUow  for  hand  reaming. 
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26.  Chuckiiig  vitti  a  flat  drill  and  chucking  reamer  in  ao 
engine  lathe,  Fig.  17. 


p. 


Fro.  17. — Chucking  Putxst  wnn  Flat  Dsiu. 


SCHEDULE  OF  OPERATIONS  AND  TOOLS 

Set  dead  center  in  approninate  alinement. 

Drill,  jV"  to  aV"  Btaail.     Chucking  reamer,  xJ^"  small. 

Drill  rest.     Monkey  wrench.     Hand  reamer,  standard  sise. 


1.  Mount  pulley  A  in  inde- 
pendent chuck  B. 

2.  True  up  by  inside  of  rim. 

3.  Clamp  drill  holder  C  in  poat 
E  to  tool  block  F, 

4.  Set  holder  with  dead  center 
H'  exactly  in  middle  of  slot  as  at 
G. 

5.  Set  holder  near  work  as  at 
C,  A'. 

6.  Place  drill  approximately 
central  in  holder,  as  C",  D',  with 
dead  center  H'  in  other  end. 

7.  Place  point  of  drill  central 
against  hub  A'. 

8.  Pull  wrench  K  forward  to 
pinch  drill  in  slot. 

9.  Start  lathe  at  speed  for 
twist  drills. 

10.  Feed  spindle  until  drill  cuts 
half  the  depth  of  its  poiat. 


11.  Bemove  wrench.  Feed 
drill  rapidly. 

12.  Hold  drill  back  on  dead 
center  with  left  hand,  when  point 
breaks  through. 

13.  Stop  lathe  when  through. 

14.  Place  flat  chucking  reamer 
in  slot  as  in  operation  4. 

15.  Hold  with  wrench  until 
reamer  is  started.  When  through 
stop  lathe.  To  ream  hole,  »'■ 
pp.  414.  4ia.4l7. 

AtUntion.  —  If  slot  in  holder  is 
not  at  height  of  dead  center,  the 
drill  or  reamer  will  cut  large  and 
may  spoil  work.  If  drill  move- 
ffldewise  when  starting,  replace 
wrench  and  repeat.  Drill  rnusi 
cut  true  before  reaching  full  diam- 
eter. For  large  holes  or  cored 
holes,  use  two  or  three  flat  dril1> 
of  increasing  diameters. 


REAMING 
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REAMING 

26.  Reamers  are  used  for  sizing,  smoothing,  and  standard- 
izing straight  and  taper  holes.    See  Taper  Reamers,  pp.  4x8, 

4l9,  610,  620. 

There  are  two  general  classes :  chucking  or  roughing  ream- 
ers;  used  in  a  machine,  and  finishing  reamers,  used  by  hand  or 
power.  The  usual  amount  for  the  finishing  reamers  to  cut 
is  .005''  to  ^'^  for  cast  iron,  and  .005*'  to  .010*  for  steel  and 
brass. 

27.  Irregularly  spaced  teeth.  —  To  prevent  chattering, 
reamer  teeth  or  blades  are  spaced  progressively  wider  as  in 
Fig.  18,  A  to  1  to  the  right,  and  from  1  to  il  to  the  left. 

The  clearance  G  is  given  the  teeth  or  lands  to  relieve  the 
cutting  edge.  The  point  of  a  hand  reamer  is  slightly  tapered 
a  distance  equal  to  its  diameter,  to  enter  the  hole.  The  shank, 
H,  Ilg.  20|  is  ground  .001'  small,  to  prevent  binding  in  hole. 


Fig.  18.  —  Teeth  of  Hanb 

ItSAXKR  IrRBOULARLT 

Spaced. 


Fig.  19.  —  Teeth  of  Hand 

Reamer  with  Negativb 

Rake. 


28.  To  ream  brass,  the  face  of  teeth  is  inclined  20^  back 
of  radial  (negative  rake)  to  prevent  chattering,  as  in  Fig.  19, 
See  Broaching,  pp.  646-648. 

AUerUum.  —  Cast  iron  and  brass  are  reamed  dry;  steel  and 
wrought  iron  with  oil. 

Warning.  —  To  ream  thin  work  in  a  vise  use  a  reaming  jig. 
See  p.  4i5. 
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Caviion,  —  To  ream  work  in  a  vise  vnthout  a  jig  and  aJao  with- 
out chattering  and  spoiling  the  work,  the  length  of  hole  should 
be  about  twice  the  diameter  of  the  reamer.    See  pp.  415,  4l6. 


Flo.  20.  —  Reaming  in  Vise. 


29.  Hand  reaming  work  held  in  yisCi  Fig.  20. 


SCHEDULE  OF  OPERATIONS  AND  TOOLS 
Hole  in  flanges  casting  drilled  or  drilled  and  reamed  .005"  U>i^"  small. 


L  Chuck  work  B  in  engine 
lathe  then  fasten  firmly  in  vise  C. 

2.  Place  adjustable  reamer 
wrench  D  on  square  end  of 
reamer  A  and  fasten  with  thumb 
screw  E. 


3.  Rotate  wrench  rapidly  in 
direction  of  arrow  F  and  at  same 
time  press  downward  in  direction 
of  arrow  G,  continue  rotating  and 
pressing  downward  until  reamer 
passes  clear  through  the  casting. 


Warning,  —  Hand  reamers  should  never  be  rotated  back- 
ward as  it  quickly  destroys  their  cutting  edges,  and  they  should 
be  used  vertically  when  the  nature  of  the  work  will  permit. 

Note,  —  Before  placing  reamer  in  hole,  see  that  there  are  no 
burrs  on  shank  Hy  which  would  be  likely  to  scratch  the  reamed 
surface  as  the  reamer  is  passed  through  the  hole. 

30.  To  hand  ream  thin  work  with  reaming  jig,  as  cutter 
disk,  Fig.  21. 


Fio.  21.  —  Hand  REAiONa  Thin  Wobs  Ueu)  in  Reaminq  Jio. 


Hole  in  cutter  disk  or  other  thin  work  drilled  by  the 
chucking  method  litr"  fi  jj"  small,  or,  preferably,  drilled  and  then 
bored  and  power  reamed  .005"  amall,  see  pp.  408,  601-6O6,  4l7. 

SCHEDULE  OF  OPERATIONS 


Hold  jig  base  A  firmly  in  vise, 
as  in  Fig.  21. 

Place  cutter  disk  or  thin  work 
B  betwera  clamp  plate  C  and  jig 
base^. 

Insert  centering  or  alining  plug 
D  in  reamer  guide  E,  where 
reamer  F  is  ahown,  with  end  G, 
which  ia  .005"  to  j^"  small,  in 
hole  in  cutter  disk  B,  as  shown  in 
detaU  at  B'. 

Tighten  clamping  bolt*  H,  H' 
equally  on  both  sides,  first  with 
thumb  and  finger  then  with  the 
wrench,  and  remove  plug  D. 

Place  hand  reamer  F  in  reamer 


guide  E,  and  with  wrench  J,  re- 
volve reamer  to  the  right  as  shown 
by  arrow,  and  press  down  lightly 
as  the  reamer  is  rotated,  see  pp. 
413,  4 14. 

Lubricant:  If  the  work  is  aUx\, 
use  plenty  of  lard  oil;  if  cast  iron, 
ream  dry. 

Important.  —  To  turn  disk,  oil 
mandrel  and  if  the  disk  is  thin  be 
careful  and  do  not  press  mandrel 
in  too  hard,  and  do  not  remove 
mandrel  from  disk  until  all  turn- 
ing and  squaring  is  completed. 

Attention. — Clean  jig  and  reamer 
before  rctumini;  to  tool  room. 


31.  Adjustable  reamers.  —  A,  Fig.  23,  may  be  adjusted 
to  compensate  for  wear  and  to  ream  special-size  holes. 
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32.  Reaming  stood  B,  Fig.  22,  is  more  coDvenient  than 
a  vise.  It  consists  of  aa  iDdependent  chuck  C,  supported 
by  column  D.  The  work  B  is  firmly  gripped  in  the  jaws  F 
by  operating  the  handle  G. 


Fig.  22. — HAim  Rb/lmisg  in  ReAUitia  Stand. 

33.  To  nam  work  by  hand  in  the  lathe  with  a  hand  reamer, 
Fig.  23. 


Pio.  23.  —  Rbauino  in  Lathe  bi  Hand. 
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Hole  in  blank  drilled  or  bored  .005*  to  ,Y  smaU. 
Set  dead  center  in  approximate  alinement. 


1.  Place  reamer  A  in  drilled 

2.  Place    ann   of   wrench    D 

or  boied  hole  in  -work;  B  held  in 

against  tool  block  E. 

chuck  C. 

3.   PuU    belt   downward    and 

follow  with  dead  center. 

Warning.  —  Carefully  follow  reamer  with  dead  center  to 
prevent  spoiling  reamer  and  work. 

On  thick  work,  start  hand  reamer  iu  above  manner  in  lathe, 
and  then  take  both  work  and  reamer  to  reaming  stand  or 
vise  for  finishing.    See  p.  4l4. 

Zi.  Fluted  chucking  reamer,  Fig.  24,  is  obtainable  in 
standard  sizes  or  .005'  small,  to  be  followed  by  standard 
hand  reamer.  This  claas  of  reamers  has  its  points  always 
beveled,  and  some  points  are  slightly  tapered  the  same  as  on 
hand  resmers.  Chucking  reamers  are  also  obtainable  with 
taper  shanks  to  fit  drill  sockets. 

38.  To  Team  in  lath«  by  power  mth  fluted  chucking  reamer, 
Fig.  24. 


FiQ.  24.  —  Reauihq  Grab  Blank  in  Lathe  by  Powaa. 
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SCHEDULE   OF  OPERATIONS  AND  TOOLS 

Hole  in  casting  drilled  yJu^  to  J^"  small. 
Set  dead  center  in  approximate  alinement. 


1.  Insert  taper  shank  reamer 
A  J  Fig.  24,  in  reamer  holder  B. 

2.  Place  reamer  A  in  drilled 
hole  in  gear  casting  C,  and  holder 
B  on  dead,  center  with  handle 
resting  on  carriage. 

3.  Feed  reamer  to  work  by 
operating  footstock  handle  with 
right  hand  and  press  holder  hard 
against  center  with  left  hand,  as 
shown. 


Speed    for    power    reaming.— 

Use  about  two-thirds  the  speed 
reconmiended  for  twist  drills  of 
same  diameter. 

Warning.  —  To  prevent  reamer 
A,  Fig.  24,  slipping  off  dead  cent- 
ter,  press  holder  hard  against 
dead  center.  Neglect  of  this 
often  ruins  drill  and  work. 

To  hand  ream,  see  pp.  4l4r-4l7. 


36.  Rose  chucking  reamer,  Fig.  25,  is  made  with  either 
straight  or  helical  flutes,  with  cutting  teeth  on  end  only.  It 
will  not  produce  as  smooth  a  hole  as  a  hand  or  fluted  chuck- 
ing reamer  and  is  not  used  when  a  smooth  hole  is  required. 
See  also  p.  4X7.  It  is  obtainable  in  standard  sizes  and  also 
with  taper  shanks  to  flt  drill  holders  and  sockets. 


FiQ.  25.  —  Rea&cing  Flange  Casting  by  Power  in  Lathe. 


37.  Broach  reamers  for  small  taper  pins.  —  Collars,  A,  and 
similar  work  are  often  fastened  to  shafts  by  drilling,  ream- 
ing, B,  and  pinning,  C,  Fig.  26. 


REAMING 
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OF  REAMER 
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HAND  BROACH  REAMER 


Broach  reamers  may  be  supplied  with  a  handle,  as  at  E, 
and  used  by  hand  to  enlarge  holes  and  to  remove  burrs.  They 
are  obtainable  in  tapers  of 
i"  and  ^^'^  per  foot,  and  in 
sizes  from  No.  1  to  No.  70 
(drill  and  wire  gage  sizes). 
Taper  pin  fluted  reamers 
and  taper  pins  having  a 
taper  of  i"  per  foot  are 
used  for  pinning  or  dowel- 
ing, and  are  obtainable  in 

sizes  from  i"  to  1  J''.    Each 

^»w.^.       .    1  ^     fu^   ^^^4.   Fia-  26.  —  Reaming  Taper  Pin  Holes 
reamer   overlaps  the  next  ^  ^  « a        t 

--         .  ^  WITH  Broach  Reamer  in  Speed  Lathe. 

smaller  size. 

Attention.  —  To  avoid  breaking  taper  reamers,  feed  slowly, 
oil  freely,  and  withdraw  frequently  to  remove  chips. 

MACHINING  ALLOYS,  ETC. 

38.  To  machine  bronze.  —  Phosphor,  Tobin,  and  other 
bronzes  are  tougher  than  ordinary  brass,  and  are  machined 
with  cutting  tools  similar  to  those  used  for  steel  and  wrought 
iron^  and  lubricated  with  lard  oil. 

39.  To  machine  copper.  —  Copper  is  machined  with  tools 
similar  to  those  used  for  steel  but  preferably  with  more  rake 
as  a  keen  edge  is  desirable,  and  with  the  point  slightly 
rounded.  Lubricate  with  milk,  soda  water,  or  soap  mixture. 
Use  speed  nearly  as  fast  as  for  brass. 

40.  To  machine  aluminum.  —  Aluminum,  owing  to  its  light 
and  ductile  nature,  is  machined  with  tools  having  acute  cutting 
angles,  more  rake  than  is  used  for  steel,  and  at  a  moderately 
fast  cutting  speed.  See  Lubricants  for  Cutting  Tools,  pp. 
l4»-l50.  A  very  high  polish  may  be  obtained  on  a  cotton 
buffing  wheel. 

II.  To  machine  babbitt  and  lead. — Babbitt  and  lead  are 
machined  dry  and  with  keen  tools. 

42.  To  machine  vulcanite  or  hard  rubber  or  fiber.  — 
Rubber  and  fiber  are  machined  dry,  at  a.  moderately  fast 
speed,  with  cutting  tools  similar  to  those  used  for  steel.    They 
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are  finished  and  polished  the  same  as  steel,  for  a  very  high 
finish  buff  on  a  cotton  buffing  wheel  charged  with  tripoli  or 
rottenstone. 

43.  To  machine  rawhidCi  use  tools  similar  to  those  used 
for  steel,  but  preferably  with  more  rake  and  with  a  cutting 
speed  about  the  same  as  for  brass,  and  machine  dry.  For 
gear  blanks,  the  several  layers  are  confined  between  riveted 
plates,  and  should  be  shellacked  as  soon  as  machined  to  pre- 
vent swelling.  Rawhide  is  milled  and  drilled  dry,  and  the 
chips  removed  by  compressed  air  or  a  fan. 

MANDRELS  OR  ARBORS 

41.  A  mandrel,  often  called  an  arbor,  is  pressed,  driven,  or 
threaded  into  work  to  provide  centers  so  that  it  may  be 
machined. 

An  arbor  is  a  shaft  used  to  carry  a  cutting  tool,  as  a  mill- 
ing machine  arbor,  a  saw  arbor,  etc. 

Four  classes  of  mandrels  are  used:  solid,  expanding,  built-up 
and  gang.    See  pp.  421, 422, 6l3  and  Nut  Mandrel,  pp.  340, 1208. 

45.  Standard  solid  mandrel,  AB,  Fig.  27,  is  made  of  tool 


MANDREL 


Section  of  Mandrel  End.  . 


LAROE    END 
A 


•MALL  END 

f 


:•!) 
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Fig.  27.  —  Mandrel  or  Arbor. 

steel,  hardened  and  ground.  See  Table  of  Mandrels,  p.  1204. 
The  size  is  stamped  at  large  end,  as  at  C.  A  portion  of 
each  end  is  reduced  and  flattened  to  receive  the  driving  dog. 
The  ends  are  recessed  as  at  D,  Fig.  27,  around  the  counter- 
sinks to  protect  them  from  injury. 

Important.  —  For  accurate  work,  mandrels  should  be  tested 
to  see  if  they  run  true.    See  12ll. 


MANDRELS 
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46.  Expanding  mandrel.  —  Fig.  28  consists  of  shaft  A 
having  uniformly  tapered  slots  aa  at  B.  Sleeve  C  guides  t.t' 
pered  jaws  D  (see  D')  while  they  are  being  adjusted  to  the  work 
by  the  sliding  of  the  shaft  A .  > 


Fio.  28.  —  ExPANPiNQ  Mandrei.. 


47.   Bridges  in  hollow  castings   A,  Fig.  29,  aro  often  cast 
tcross  the  ends  as  at  £,  to  provide  for  center  holes. 


Fio-  29.  —  Bwdqe  in  Hollow  Castihq  for  Cinter  IIolb. 

48.  Revolving  dead  center  for  pipe  turning.  —  To  square 
or  turn  email  pipe,  mount  upon  ordinary  lathe  centers.  For 
large  pipe  or  cored  work,  a  special  large  dead  center  is  needed. 


Fia.  30.  —  Revolviho  Dbad  Center  for  Pips  Tornino. 


preferably  one  that  will  revolve  as  at  A,  Fig.  30,  in  which 
cone  B  revolves  upon  shank  C.  A  solid  hve  center  or  chuck 
may  be  used  at  other  end. 
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49.  Built-up  mandrels.  —  To  face  the  ends  of  small  en^ne 
cylinders  or  similar  work,  a  built-up  mandrel  is  used.  To 
face  the  ends  of  a  piece  of  pipe  or  cored  work,  make  a  mandrel 
by  drilling  and  tapping  three  or  four  holes  around  each  end 
of  a  stiff  shaft  and  inserting  adjusting  screws  to  bear  against 
the  inside  of  work. 

For  large  shells,  tubes,  etc.,  castings  called  "  spiders  "  are 
used  consisting  of  arms  projecting  from  a  hub,  each  arm 
supplied  with  a  screw  to  bear  against  the  work,  and  the  hub 
supplied  with  set  screws  to  fasten  spider  to  mandrel. 


SOFT 

HAMMER 

D  — 

MANDREL 

B 


■0^ 


WORK 


oiar  or  guxzeb  tvanjks 
Fig.  31. — Gang  Mandrel. 

Gang  mandrels  are  used  to  hold  several  gears  or  cutter  blanks 
at  once  and  are  made  with  shoulder  and  reduced  part  to  receive 

blanks  which  are  fastened  by  collar 
and  nut  on  end  of  mandrel,  as  in 
Fig.  31. 

A  special  mandrel  may  be  made  of 
any  suitable  piece  of  stock  by  center- 
ing, turning,  and  filing  to  fit  the  hole. 

60.  Soft  hammers  for  driving 
mandrels  into  work  are  made  of  lead 
or  rawhide.  A  steel  hammer  should 
never  be  used  without  protecting 
work  with  a  block  of  wood,  copper, 

■->^ft>rri  Attention.  —  Molds  are  obtainable 

^  for  molding  lead  hammers. 

61.  Mandrel  or  arbor  block.— 
Fig.  32  shows  the  relative  position 

of  block  Af  mandrel  B,  work  C,  and  soft  hammer  D  when 
driving  a  mandrel  into  the  work. 


MANDREL 

OR 

ARBOR 

BLOCK 

A 


FiQ.  32.  —  Driyinq  Mandrel 
INTO  Flanqb. 


CENTER  MANDREL  423 

S3.  Handrel  or  arbor  press,  A,  Fig.  33,  is  uaed  to  press  man- 
drel B  into  work  C  by  forcing  spin- 
dle D  against  the  mandrel  with 
bandle  E.  Pointer  F  may  be  aet 
to  adjust  mandrel  for  duplicate 
pieces.  The  press  may  be  bolted 
to  a  lathe  as  at  G,  or  mounted  on 
a  stand.  It  may  be  used  also  for 
forcing  fits. 

63.  Center  mandrel  for  bottom  *^ 
holes.  —  Mandrels  made  to  fit  the 
hole  in  the  live  spindle  of  a  lathe 
are  used  to  hold  caps,  oil  cups, 
bottom  or  blind  nuts  and  similar 
work  that  must  be  machined. 
The  projecting  end  is  turned  either 
to  a  slight  taper  to  recdve  work 
with  a  plain  hole,  or  threaded  to  ^,'^^^,' 
hold  threaded  pieces. 

61.  Studs  for  driving  large  work  instead  of  dog.  —  Work 
of  large  diameter,  as  a  large  pulley,  may  be  driven  by  its  arms 
with  one  or  more  studs  fastened  to  the  face  plate  of  lathe. 

Attention.  —  Oif  mandrel  before  pressing  or  driving  it  into 
work.  Take  light  cuts  when  using  small  mandrels  to  avoid 
sprin^g  of  mandrel  and  chattering,  producing  irregular  tool 
marks. 

Warning. — To  avoid  breaking  the  Bpokes  of  a  pulley  or  sim- 
ilar piece  of  work  when  driving  a  mandrel  in  or  out  at  mandrel 
or  arbor  block  or  pressing  a  mandrel  in  or  out  with  mandrel  or 
arbor  press,  place  a  collar  under  hub  of  pulley  so  that  the  pres- 
sure frill  come  on  the  hub  and  not  oa  the  rim  of  the  pulley. 
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TURNING  FLANGES 

66.  To  clamp  carriage  to  face  large  work  in  engine  lathe.  — 
Feed  tool  to  its  cut  by  hand,  then  clamp  carriage  with  bind- 
ing screw  and  use  power  cross  feed. 

In  the  absence  of  power  cross  feed  and  clamp,  throw  feed 
belt  off  or  feed  gears  out  of  mesh.  Run  tool  close  t^o  work, 
tighten  long,  feed  friction  knob,  revolve  feed  shaft  by  hand 
until  tool  takes  required  cut  and  then  feed  tool  inward  or 
outward  with  hand  cross  feed. 


MAKK  SMOC  P 

Aiourf 


Fig.  34.  —  Rough  Facing  Flange. 


56.  To  rough  turn  face  of  cast-iron  flange.  Fig.  34.  — 
Use  cutting-in  tool  A  for  roughing  flange  B  on  mandrel  C. 
Fasten  tool  in  post  D,  and  clamp  carriage.  Feed  in  direction 
of  arrow  E  to  outer  edge  of  fillet. 


TURNING  FLANGES 
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67.  To  finisli  and  scrape  face  of  cast-iron  flange  to  pre- 
pare for  polistiing,  Fig.  36.  —  Take  light  finishing  cuts  with 


CXPANOINO 
MANORCL 


Fxo.  36.  —  Finish  Facing  Flangb. 

facing  tcK>l  A  ground  to  60°,  as  at  C  and  Z>,  at  medium  high 
speed.  Grind  and  oilstone  top  face  of  tool.  Set  it  to  drag  a 
little  as  at  jB  and  feed  in  direction  of  arrow  F.     Use  scraper 


EXPANDING 
MANDREL 


Fig.  36  —  Scraping  Radial  Face  of  Flangb. 

A,  Fig.  36,  with  cutting  edge  CD  ground  straight,  or  slightly 
convex,  at  medium  speed.  Hold  scraper  on  rest  E  and  move 
in  direction  of  F  with  point  dragging  a  little  as  at  G.  A  piece 
of  leather  placed  under  scraper  will  often  prevent  chattering 
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SB.  To  scrape  inside  rounds  or  fillets  to  the  desired  curva- 
ture. First  shape  with  a  round-nose  lathe  tool.  Then  use  a 
round-nose  hand  tool.  A,  Fig. 
37,  to  prepare  filleted  comer  of 
flange  B  for  polishing.  C  and 
D  show  point  and  clearance  of 
tool.  To  avoid  chattering,  cur- 
vature of  end  E  should  be 
greater  than  that  of  fillet  for 
clearance  and  the  tool  should  be 
held  firmly  on  rest.  A  round 
or  half-round  file  is  sometimes 
used  to  smooth  a  fillet. 

Attention.  —  Cylindrical  sur- 
faces are  more  easily  prepared 
for  polishing  than  radial  and 
curved  surfaces.  On  small  work  a  light  finishing  cut  is  taken 
with  a  fine  feed,  and  on  very  large  work  a  light  finishing  cut  is 
taken  with  a  broad-nose  tool  and  a  coarse  feed,  and  the  surfaces 
filed  to  erase  the  tool  marks. 

Warning.  —  Do  not  rub  greasy  fingers  on  caot  iron  before  or  during 
filing  or  scraping  as  the  file  or  scraper  will  slip,  glaze  and  aoratch  a 
grea^  cast  iron  surface. 


Fw.  37.  - 


—  ScHBDDLa  Dbawino  or  Uakwo  a.  Cabt-ibon  FhuiQ*. 


TURNING  FLANGES 
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B9.  To  make  a  cast-iron  flange  finished  all  over,  Fig.  38. 

^edflcatioiis:  Material,  iron  casting  l"  large;  weight  4  lb.  4  oss. 
Hardness,  26  to  28  (scleroscope). 
Set  dead  center  in  approximate  alinement. 
High-speed  steel  or  stellite  cutting  tools. 

Thne:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  ma- 
chines, 7  min.  —  Chuck,  25  min.  —  Rough  turn,  25  min.  —  Finish, 
25min.  —  Polish,  20  min.  —  Drill,  10  min.  —  Cut  keyway,  8  min. 
—Clean  mA/»}iinftfi,  12  min. — Total,  2  h.  17  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opkbationb. 


Srag  casting.  Mount  in  chuck 

and  adjust  until  hub  runs 

true. 
Drill  and  power  (rough)  ream 

hole  (1),  (2).    See  pp.  406- 

4l2,  4l7. 

Hand  (finish)  ream  hole  by 
starting  reamer  in  lathe, 
pull  belt  by  hand,  complete 
at  reaming  stand  or  vise, 
(3).  See  pp.  4l6,  4l4,  Figs. 
23,22. 

True  live  center.     See  p.  iu. 

Oil  mandrel  and  press  into 
hole  in  flange  in  direction 
hole  was  reamed.  See  pp. 
432,  423;  mount  on  centers. 

Rough  turn  ^"  oversise,  (4), 
(«). 


Rough  face  (6);  feed  inward; 
rough  fillet,  (7) ;  rough  face, 
(8);  reverse  work  on  cen- 
ters, and  rough  face  (9)  to 

I"  +  A". 

Finish  turn  (10),  (11).  See 
AUerUiont  p.  4fi8. 


File  (10),  (11). 

Finish  face  (13)  with  cuts 
.002"  to  .003"  deep  and 
acrape.    See  p.  425. 


Machines,  Fsbob, 
Speeds. 


Engine  lathe,  12"  to  16'. 
3d     speed,     or     200 

R.P.M. 
1st   or  g  2d    speed,    or 

115R.P.M.    Hand 

feed. 

Reaming     stand     or 
vise. 


Mandrel  press. 


Engine  lathe,  3d  or 
4th  speed.  Back 
gears  in,  or  35 
F.P.M.  Hand  or 
medium  power  feed 
—  80  to  1". 

3d  or  4th  speed.  Back 
gears  in  or  35 
F.P.M.  Hand  or 
medium  power 
feed  —  80  to  1". 

2d  or  3d  speed  (back 
gears  out)  or  125 
F.P.M.  Fine  power 
feed  — 140   to    1". 

3d  speed,  or  175 
F.P.M. 

2d  or  3d  speed,  or  125 
F.P.M. 


TOOLB. 


File,  independent, 
chuck,  chalk,  cen- 
tering tool,  If" 
twist  drill  and 
holder,  power 

fluted  chucking 
reamer  .005"  small, 
standard     hand 


I// 


reamer, 
wrench. 


reamer 


1"  mandrel,  dog. 


Holder  or  cutter  or 
diamond-point  tool 
15°  rake,  calipers, 
rule. 


Holder  and  cutter  lo*' 
rake  or  round-nose 
tool.  Two  rules 
to  measure  length 
of  hub,  or  inside 
calipers. 

Holder  and  cutt«r  or 
diamond-point  tool 
15°  rake,  calipers, 
rule. 

8"  or  10"  mill  bastard 
file,  file  card. 

Facing  tool,  flat 
scraper. 
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Finish  and  scrape  fiileti  (13). 
See  p.  426. 

2d  or  3d  speed,  or  125 
F.P.M. 

Round  -  node  too*, 
round-noee  ser&per . 

Fimsh  faoe  and  scrape,  (14). 

2d  or  3d  speed,  or  125 
FJ>.M. 

Facing  tool,  flat 
scraper. 

Finish  (do  not  scrape  or  pol- 
ish), (15)  (see  Attention), 

Ist  or  2d  speed,  or  60 
F.P.M. 

Facing  tool,  calipers, 
rule. 

Cut  recess  ^'^  deep.     Set  side 
tool  at  45®,  feed  outward, 
two  or  three  cuts,  (16). 

1st  or  2d  speed,  or  50 
F.P.M.      Hand    or 
medium  power  feed 
—  80  to  l^ 

Side  tool,  calipers. 
rule. 

Polish,  (10),  (11),  (12),  (13), 
(14).     See  pp.  432,  483. 

Speed  lathe,   highest 
speed. 

Polishing  stick,  60, 
90, 120,  emery  clotb. 
oil. 

Jig  drill,  and  ream  holes,  (17). 
See  p.  604. 

• 

2-8pindle  drilling  ma- 
chine.       Drill  600 
R.  P.  M.       Power 
reamer,   400R.P.M. 
Hand  feed. 

Box  jig,  jf  drill,  1' 
power  reamer. 

Cut  ke3rway  central,  (18). 
See  p.  926. 

Planer  and  vise  or  key 
seating  machine. 

Keyway  tool  holder 
and  cutter,  i^  wide. 

Stamp    name    or  initials   in 
recess,  as  E.R.N. 

Steel  name  stamp, 
hammer. 

Attention.  —  Finishing  cuts  10  and  15  may  be  omitted  until  flange  is 
keyed  to  its  shaft.  The  hole  may  be  chucked  with  a  f  J^  ti^ist  drill 
or,  if  cored,  with  a  three  or  four-groove  drill,  and  hand  reamed 
(1),  (3).    The  hand  tools  may  be  carbon  steel. 

Note,  —  Bushings,  collars  and  step  pulleys  or  any  other  work 
mounted  on  a  mandrel,  with  one,  two,  or  more  diameters,  are  machined 
in  the  same  general  manner  as  the  flange  in  Fig.  38. 

TURNING  PULLEYS 

60.  The  taper  or  crowning  on  the  face  of  pulleys  ranges 

from  i"  per  foot  for  wide  pulleys  to  J"  per  foot  for  narrow  pulleys. 
Tapered-face  pulleys  are  made  commercially  in  a  pulley  lathe 
with  two  cutting  tools  operating  at  same  time,  —  one  on  the 
front,  the  other  on  the  back  of  machine,  or  in  turret  lathes 
with  special  tools. 

The  face  of  the  pulley  is  often  crowned  in  a  forming  lathe 
or  ground  in  special  grinding  machines  from  the  rough  casting. 
The  hubs  of  pulleys  used  in  combination,  as  tight  and  loose 
pulley  mechanism,  are  squared. 
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Pulley  A,  fig.  39,  is  turned  in  an  en^ne  lathe.  The  rim 
ifl  faced  as  at  B.  The  face  is  tapered  as  at  C.  The  rim  may 
be  chamfered  as  at  D,  or  rounded  with  a  righl^and-left  form- 
ing tool  as  at  £,  E'. 

ta.  T*FEIt  ClUMPttt 


Fia.  39.  —  PoLLEV  TnnNiNQ  in  Enqinb  Latbb. 

The  set-over  offoolstock  for  ordinary  tapers  is  forward,  as  at 
A,  Fig.  40,  and  for  pulleys  it  is  backward  as  at  B. 


RINQ  PULLEYS 


Via.  40 

Infomutloo. — Omit  straight  turning  on  large  pulleya  and  pulleys 
for  rough  work.  Rub  chalk  on  face,  find  middle  with  rule,  turn  taper 
from  rough  casting,  then  round  edges  of  rim  with  forming  tool  (see 
E,  E'.  Fig.  39)  and  file  face. 
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61.  To  make  a  pulley  5'  ia  diameter.    Fig.  41. 


ACCIDENTS  MICVENTEO  BY 
USING  SAFETY  tCT  SCREWS 


MATERIAL — IRON  PULLEY  CASTING  jC  MEANS  niUSH  TAPER  7IN.TO  IFT 

FiQ.  41.  —  Schedule  Drawino. 

Specifications:  Material,  puUey  casting  with  surfaces  to  be  finidied 
iV*  large;  weight,  2  lb.  5  oz.    Hardness,  24  to  30  (scleroscope). 
Set  dead  center  in  approximate  alinement. 
High-speed  steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  ma- 
chines, 5  min.  —  Chuck,  20  min. — Turn,  square,  and  taper,  40  min. 
—  File  and  polish,  15  min. -^  Drill  and  tap,  10  min.  —  Stamp,  snag 
and  paint,  8  min. — Clean  machines,  7  min. — Total,  1  h.  50  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  T00I5 


Operations. 


Snag  casting.  Mount  in  chuck 
and  adjust  until  edge  and 
inside  of  rim  run  true. 
Drill  and  rough  ream  hole, 
(1),  (2).  See  pp.  408»  409, 
4l7. 

Finish  ream  hole  by  hand 
at  reaming  stand  or  vise, 
pp.  4l6,  4i6,  4i4.  (3). 

Oil  mandrel  and  press  into 
hole.    See  pp.  422,  423. 

True  live  center.     See  p.  Il4. 


Machines,  Speeds, 
Feeds. 


Engine  lathe,  12*  to 
16'.  3d  speed,  or 
400  R.P.M.  Hand 
feed. 


Reaming  stand  or  vise. 


Mandrel  press. 


3d  speed. 


Tools. 


File,  chuck,  chalk, 
centering  tool,  }|' 
twist  drill,  holder 
or  dog,  chucking 
reamer  .005'  small. 

^^    standard    hand 


reamer. 


reamer 


wrench. 
•^"    standard   man^ 

drel. 
Center    truing   tool, 

center  gage. 
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£lDgine  lathe,   3d  or 
4th     speed,     back 
gears    in,    or     50 
F.P.M.  Medium  pow- 
er feed— 80  to  1". 

3d  or  4th  speed,  back 
gears  in,  or  50 
F.P.M.  Hand  or 
medium  power  feed 
—  SOtol*. 


Mount    pulley     on     centers. 
Rough  tnm  to  5',  (4),  one  or 
two  cuts.     See  A,  Fig.  39. 


Rough  square  edge  of  rim 
(5),  reverse  pulley  on  cen- 
ters and  rough  square  (6) 
to  If'-f  A'.*  See  B. 
Fig.  39. 

Finish  square  edge  (7) ,  reverse 
pulley  on  centers  and  finish 
square  (8)  to  If  one  cut 
each.     See  B,  Fig.  39. 

Coat  a  small  portion  of  face 
with  copper  sulphate  or  chalk 
and  make  line  midway  be- 
tween edges,  (9). 

Regrind  tooL 

Set  footstock  back  to  turn 
taper  of  Y  P^r  ^oot  (Ji'  for 
5^'  between  centers)  and 
set  tool  to  touch  line  (9), 
see  C,  Fig.  39,  and  feed 
toward  headstock.  Re- 
verse pulley,  reset  tool 
and  repeat,  (10),  (11). 

Chamfer  at  45**  inside  comers 
of  rim,  see  D,  Fig.  39,  or 
round  with  forming  tool, 
(12),  (13). 

File  face,  (14),  (15).  Scrape 
edges,  (16),  (17). 

Polish  face  and  edges,  (18), 
(19),  (20),  (21),  See  pp. 
432, 433. 

Drill  and  tap  hole  for  set 
screw,  insert  i*  X  i' round- 
point  set  screw. 

Stamp  name  or  initial  on  end 

of  hub. 
Soag    and    punt    unfinished 

parts. 


3d  or  4th  speed,  back 
gears  in,  or  50 
F.PJf.  Fine  power 
feed  — 140  to  l^ 


2d  speed,  back  gears 
in,  or  25  FJ*.M., 
hand  feed. 

2d     speed,     or     175 

FJPJf. 
Speed  lathe,  highest 

speed. 

Vertical  drilling  ma- 
chine, 3d  speed, 
hand  feed.  Tilting 
vise  or  fixture. 


Dog,  holder  and  cut- 
ter or  diamond, 
point  tool,  15**  rake 
calipers,  rule. 

Holder  and  cutter  or 
round-nose  tool 
calipers,  rule. 


Copper  sulphate  or 
chalk,  divider-cali- 
pers or  dividers, 
rule. 

Rule,  dividers,  holder 
and  cutter  or  dia- 
mond-point tool. 


Side  tool,  15''  rake. 


S''  or  lO'  miU  bastard 

file,  graver. 
60,    90,    120    emery 

cloth,         folishing 

stick,  oil. 
-^^    extension    drill, 

i*  X  20      U.  S.  S.. 

pulley  tap,  wrench, 

Jard  oil. 
Steel    name    stamp, 

hammer. 
Special  black  paint. 


*  Information.  —  Take  an  equal  amount  of  material  from  each  edge 
of  rim  so  that  the  arms  will  be  approximately  central. 

Important,  —  Filing,  scraping  and  polishing  are  omitted  on  large 
pulleys  and  rough  work. 

Attention.  —  Power  chucking  reamer  may  be  omitted,  as  a  good 
hole  may  be  obtained  with  a  drill  and  hand  reamer. 

When  possible,  place  arms  of  pulley  opposite  chuck  jaws.  The  hand 
tools  may  be  carbon  steel. 
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62.  To  locate  set  screws.  Fig.  41.  — If  the  boss  is  central 
as  at  A,  drill  body  hole  D  in  rim  througli  which  to  tap  hole  A, 
and  use  a  cup  or  round-pointed  set  screw.  Where  the  boss  is 
fiat  as  at  £  and  placed  at  one  side,  drill  a  body  hole  through 
rim  E,  If  a  body  hole  through  rim  is  objectionable,  hold 
pulley  in  a  tilting  vise  or  fixture  and  drill  and  tap  hole  at 
angle,  as  at  C.    In  large  pulleys  use  two  set  screws  or  key. 

POLISHING  LATHE  WORK 

63.  Use  a  speed  lathe  for  polishing  but  never  an  engine 
lathe  when  it  can  be  avoided,  as  the  gritty  spatterings  injure 
its  bearings.  Make  exception  only  to  work  machined  in  a 
chuck  of  an  engine  lathe  which  must  be  polished  before  it  is 
removed. 

An  effective  polishing  speed  for  emery,  alundum,  car- 
borundum or  aloxite  cloth  is  between  5000  and  6000  F.P.M.; 
that  is,  surface  speed  of  about  a  mile  a  minute  (5280  feet). 

It  is  not  always  possible  to  obtain  this  high  speed,  as  speed 
lathes  are  usually  belted  for  a  great  variety  of  work,  as  drilling, 
hand  turning,  etc.,  and  their  highest  speed  will  not  give  the 
maximum  polishing  speed  for  small  work. 

On  work  that  is  unbalanced,  it  is  not  desirable,  and  often 
dangerous,  to  polish  at  the  maximum  speed,  as  it  will  shake 
the  lathe  and  the  work  may  fly  off  the  centers.  It  is  best  to 
use  as  high  a  speed  as  the  nature  of  the  work  will  permit,  since 
the  polishing  can  then  be  done  with  less  labor  and  with  less 
tendency  to  destroy  the  truth  of  the  work. 

64.  Order  of  applying  different  numbers  of  emery  cloth. — 
If  the  work  is  carefully  finished,  limited  application  of  60 
and  90  will  produce  an  effective  polish;  and  if  the  work  is 
finished  extra  fine,  90  will  be  sufiicient.  If  a  more  brilliant 
polish  is  desired,  use  120  and  flour.  For  large  work  not  given 
a  fine  finish  it  may  be  necessary  to  begin  with  46  or  54. 

Apply  60  emery  first  with  hard  pressure  until  all  tool 
marks  and  scratches  are  removed  and  the  pores  in  the  metal 
have  nearly  disappeared.  Then  apply  90  emery  with  lighter 
pressure  until  all  evidence  of  60  is  removed.    If  on  applying 
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90,  tool  marks,  deep  scratches,  or  large  pores  appear,  return 
at  once  to  60  emery.  Follow  this  method  in  applying  succes- 
sive grades  of  emery. 

Use  lATd  oil  on  the  emery  cloth  or  work,  distributing  it  with 
the  fingers. 

66.  To  polish  flange,  f^g.  42.  —  Oil  speed  lathe  and  shift 
belt  to  highest  speed.  Press  mandrel  into  Sange  A,  which  has 
been  carefuUy  finished  by  turning,  filing,  and  scraping.  Fasten 
dog  on  mandrel.  Mount  and  adjust  on  centers.  Wrap  a 
strip  of  No.  60  emery  cloth  B  around  end  of  wedge-shaped  soft- 
pine  stick  C.  Drop  a  little  oil  on  emery  cloth  or  flange  and 
distribute  with  fingers.  Start  lathe  and  pivot  stick  on  rest  D 
which  should  be  clamped  from  2'  to  2J*  from  the  work. 

Keep  emery  moving  back  and  forth  slowly  along  the  work 
so  that  the  marks  will  cross  and  recross  each  other,  to  avoid 
cutting  grooves.  Grades  60  and  90  will  produce  a  good  pol- 
ish on  a  flange. 

To  polish  radial  face  of  flange,  clamp  rest  D  parallel  to  face 
and  from  2'  to  2J'  distant.     Apply  emery  cloth  in  same  order 


Fio.  42.  —  PouBBiNQ  A  FiiAMOB  IN  Spbbo  Latsb. 

as  on  hub.  Keep  emery  moving  slowly,  advance  and  recede  in 
short  strokes  toward  the  center  to  avoid  cutting  grooves,  then 
recede  in  the  same  order.  To  polish  the  fillet,  move  emery 
cloth  back  and  forth  in  short  strokes  following  the  curve. 
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66.  To  polish  a  shaft  with  wood  polishing  clamp,  AA' 
Fig.  43,  hinged  by  leather  at  end.  —  Oil  speed  lathe  and  shift 
belt  to  highest  speed.  Place  dog  on  shaft  with  copper  under 
set  screw,  and  mount  shaft  on  centers.  Drop  a  little  oil  on 
emery  cloth  or  shaft  and  distribute  with  the  fingers.     Wrap 


Fio.  43.  —  PoLiBHiNQ  &  Sbapt  IN  Spebd  Latub, 

emery  cloth  B  around  shaft  C  in  one  fold  only,  and  hold  end 
as  at  D,  to  prevent  it  from  winding  around  shaft.  Apply 
pressure  with  the  left  hand,  and  with  the  right  move  clamp 
back  and  forth  in  short  strokes  along  shaft  so  that  the  marks 
will  cross  and  recross  each  other.  Move  clamp  continuously 
when  in  contact  with  revolving  work,  otherwise  emery  will  cut 
grooves.  Grades  60  and  90  will  produce  a  good  poliab  on  a 
shaft. 

67.  To  polish  brass  and  copper,  use  a  finer  emery  cloth  than 
for  steel  or  Iron,  as  the  material  is  softer.  Start  with  a  No.  90, 
continue  with  No.  120  flour,  and  crocus  cloth.  If  s  more 
brilliant  luster  is  desired,  the  work  may  be  buSed. 

For  Polishing  and  Buffing  with  Wheels  and  Belts,  and 
Lacquering,  see  p.  440. 
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Atteniion,  —  Use  oil  sparingly  to  avoid  excessive  spatter- 
ing. Do  not  allow  the  emery  cloth  to  slip  off  the  edge  of 
work  as  it  will  round  the  comers.  Adjust  mandrel,  or  work 
freely  on  centers,  and  occasionally  loosen  and  oil  dead  center, 
as  the  heat  generated  will  expand  the  work  or  mandrel  and 
bum  off  the  dead  center. 

To  lay  lines  uniformly  after  work  is  polished,  moisten  a 
piece  of  worn  emery  cloth  of  fine  grade  with  oil  (or  oil  the 
work,  distributing  it  with  the  fingers)  and  move  the  emery 
cloth  slowly  along  the  work. 

ImporiarU.  —  If  holes  are  to  be  drilled  in  a  surface  that  is  to 
be  polished,  polish  the  surface  first  and  drill  the  holes  afterward. 

Warning. — To  avoid  excessive  vibration  of  lathe  when  pol- 
ishing which  may  cause  the  work  to  fly  off  the  centers,  use  a 
light  malleable  iron  dog. 

CURVE  TURNING  AND  FORMING 

68.  Curve  turning.  —  Small  outside  and  inside  rounds 
(convex  and  concave  surfaces),  ogees  and  other  irregular 
curves  may  be  rough  formed,  as  in  Fig.  44,  with  one  hand 
operating  the  cross  feed  and  the  other  the  long.  feed.    The  tool 


OAST  IRON  OR  BRASS 


Via,  44.  —  Curve  Turning,  Operating  Feeds  by  Haio) 

for  the  inside  round  is  moved,  approximately  to  the  correct 
curve,  repeatedly  from  A  to  B;  for  the  outside  round,  from 
C  to  D  and  from  C  to  B.  By  moving  one  feed  more  rapidly 
than  the  other,  as  the  curve  may  require,  good  results  may  be 
obtained.     If  the  work  is  slender  or  the  curve  large*  it  is 
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usually  finished  with  hand  tools  in  the  speed  lathe  (see  Tem- 
plet, p.  l37).  If  the  curve  is  small  and  work  stiff,  formisg 
tools  may  be  used. 
69.  Forming  toots  for  engine  lathe  work  are  used  for 
forming  duplicate  pieces.  They  may  be 
made  by  milling  or  filing.  If  much  stock 
has  to  be  removed,  rough  form  with  a 
suitable  lathe  tool.  Forming  tool  A, 
I  Rg.  45,  is  rounding  the  end  of  shaft, 
I  after  which  it  may  be  filed  and  polished. 
Forming  tools  are  also  used  in  turret 
Fig.  «.-FoEMiNa  with  j^jhes,  screw  machines  and  planers. 

FoBOBP  Toou  ^Q    Fonning  cutters  and  hoWera.  — 

Forming  cutters,  to  fit  thread  tool  holders,  are  obtfldna.ble. 
In  Fig.  46,  forming  cutter  A,  held  in  holder  B,  is  forming 
wheel  C. 


FiQ.  46.  —  Forming  with  Houieb  and  Curmi. 


The  manufacturing  method  of  machining  hand  wheel  rims 
is  to  mill  them  with  a  vertical  milling  machine  or  form  them  in 
a  special  manhine  which  carries  a  pointed  tool  mounted  on  a 
turn  table  around  the  curve.     See  pp.  l27,  309,  1265-1275. 
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MAKING  FORMED  HACHINB  HANDLES 

71.  Single  handles  are  made  as  outlined  in  Figs.  47,  48, 
19.  When  manufactured  in  quantities,  they  are  drop-forged 
a  shape  or  made  from  bar  stock   with  a  forming  tool  in 


-FiNtSRiNG  Formed  Handle  with  Hand  Toole. 
Overhead  Turning. 


a  turret  lathe.    Bydtherof  the  latter  methods,  they  require 
but  a  small  amount  of  hand  linishing. 

72.  Templets  of  sheet  brass  or  steel,  E,  Fig.  47,  are  used 
for  duplicate  work,  serving  as  a  pattern  or  guide  to  uniform 
production. 
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They  are  lined  out  from  specifications  on  the  drawing,  and 
are  rough  cut  by  chipping,  or  with  shears,  and  finished  by 
fiUng.  Templeta  are  used  as  guides  when  rough  turning  or 
planing,  and  for  careful  tests  when  finishing. 

73.  To  make  a  formed  machine  handle  to  tcn^et,  Fig.  4&. 


■jr 

'1 


FiQ.  40.  —  Schedule  Drawino  OF  Uachinb  Hamdlb. 

SpedflutionB:  Material,  machine  steel  tV*^i''A'^i  vdght,  15  w. 

Hardness,  15  to  16  (scleroBcope). 

True  hve  center.    Set  dead  center  in  approximate  alinement. 

Lard  oil  may  or  may  not  be  used  in  equaring  and  turning  steel  or 

wrought  iron.    Carbon-steel  or  stellite  cutting  tools. 

Timti  Study  drawing  and  schedule  in  advance,  5inin. — Oil  lathe, 

6  min. — Center  and  square,  10  min, — Rough  turn,  10  min.— 

Rough  form,  10  min,  —  Finish  with  hand  tools,  30  min. — File  and 

polish,  14  min.  —  Clean  lathes,  5mio. — Total,  1  h.  SOmia. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOia. 


Rough  square,  (S),  (()  toSj"- 
See  Step  Method  of  Rough 
Squaring,  p.  801- 


Tiae. 

CeDUiing      machine. 

DriU,  1250  R.P.M. 

Counteraiiik,      7C  ~ 

R.P.M 
Eugiae   latha,   13   1 

!«*.  2d  speed,  or  3 

F.P.M.   Hand  feed. 


MAKINQ  MACHINE  HANDLES 
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Reoenter.  Omit  finish  square. 

Rou^  tarn  (ff),  i^'  large. 
One  cut.  Turn  one-half  of 
length,  reverse  and  turn  the 
other  half. 

Rough  turn  (6),  i^'  large. 
One  cut.  Turn  (60f  to 
about  1^'  from  end. 

H<^  in  vise  and  mark  lines  1' 
from  each  end  at  (A)  and 
(B). 

Roug^  turn  (7),  -ti"  large. 
Two  or  three  cuts. 

Roug^  (urn  convex  parts  (8), 
(9),  and  concave  part  (10), 
several  cuts.  Operate  both 
feeds  in  combination,  by 
hand,  and  test  with  templet, 
as  at  B,  Fig.  47. 

Rough  turn  with  graver,  (11), 
(12).  See  A  and  A',  Fig. 
47.  Test  often  with  tem- 
plet. 

Roug^  turn,  (13).  See  B, 
Fig.  47.  Test  with  templet 
and  calipers  at  diameters 
Y  and  I''. 

Finish  turn,  (14),  (15).  See 
C,  Fig.  48. 

Finish  turn,  (16).  See  D, 
Fig.  48. 

Finish  turn,  (17). 


Rough  and  finish  turn,  (18). 
Copy  the  reverse  curve  (the 
ogee)  as  accurately  as  can 
be  determined  by  the  eye, 
or  make  a  templet  from 
specifications  or  curve  on 

'  drawing.    See  p.  437. 

File,  (18)  and  (16) 


1st  or  2d  speed,  or  35 
F.P.H.  Medium 
power  feed  —  80  to 

v. 


Vise. 


3d  speed,  or  35  F.P.H. 
Medium  power  feed 
—  80tol^ 

2d  or  3d  speed,  or  50 
FJ»Jf. 


Speed  lathe,  8  to  12^, 
2d  speed,  or  150  or 
F.P.M. 


3d     speed, 
F.PJ£. 


or     225 


Eng^  lathe,  12  to 
10*,  3d  speed,  or 
50  FJP.M.  Fine 
power  feed  — 140 
tol*. 

Speed  lathe,  3d  speed, 
or  225  FP  Jf . 


Polish,  (18). 


Speed   kkthe,  highest 
speed. 


Diamond-point  tool, 
or  holder  and  cut- 
ter, 35<'  rake,  cali- 
pers, rule. 


Copper   sulphate, 
soriber,  rule. 

Calipers,  rule. 


Copper  .  under  set 
screw  of  dog,  dia- 
mond-point tool,  or 
holder  and  cutter, 
35**  rake,  templet 

Qraver. 


Round  -  nose  hand 
tool,  templet,  cal- 
ipers, rule. 

Graver,  templet,  cali- 
pers, rule. 

Round  -  hand  tool, 
templet,  calipers, 
rule. 

Diamond-point  tool, 
or  holder  and  cut- 
ter 35**  rake,  cali- 
pers, rule. 

Graver,   round  -  nose 
hand  tool. 
Use  two  pieces  of 
oopper  imder  No.  2 
clamp  dog. 


6*  to  8*  half-round 
smooth  file. 

60,  90,  120  and  flour 
emery  cloth  and 
stick,  oil. 


440 


ADVANCED  MACHINE  WORK 


File,  (14)  and  (15). 

Polish,  (14)  and  (Iff). 
Stamp  name  or  initials,  (19). 


(Ffle  ofif  burr.) 


3d    speed,     or     175 
FPJl. 


Vise. 


S'toKTmiU  bast&rd 
file. 

Steel  name  stamp, 
hammer,  copper 
jaws. 


AUentum.  —  Part  17  is  usually  fitted  to  a  hand  wheel,  or  other 
machine  part,  by  a  forcing  or  threaded  fit;  if  so,  operation  17  is  omitted 
to  allow  the  desired  fit  to  be  made  later. 

Note.  —  The  machine  handle  may  be  finbhed  with  graver  and  round- 
nose  hand  tool  used  horizontally,  as  in  Fig.  47,  or  with  grayer  and 
round  hand  ,tool,  by  overhead  turning,  as  m  Fig.  48. 


POLISHING,  BUFFING,  AND  LACQUERING 

74.  PoUshing  and  bufllng  with  wheels  and  belts.  —  The 

term  polishing  is  applied  to  the  production  of  surfaces  of  the 
ordinary  degree  of  finish;  and  buffing,  to  the  production  of 
brilliant  lustre.  These  methods  are  employed  upon  castings 
and  forgings  which  require  lustre  rather  than  accuracy;  and 
on  work  of  irregular  outline,  as  automobile  and  bicycle  parts, 
electrical  instriunents,  silverware  and  nickel-plated  work. 
The  polishing  is  done  on  felt  wheels  and  canvas  belts  to  which 
emery  is  glued. 

Buffing  is  done  on  cloth  wheels  of  cotton  or  muslin  charged 
with  flour  of  emery,  crocus,  tripoli,  rouge,  etc.,  according  to 
grade  of  lustre  desired.  The  work  is  held  with  the  hands  and 
brought  against  the  revolving  wheel  or  belt,  moved  and 
turned,  changing  from  a  coarse  to  a  finer  wheel  and  so  on, 
and  then  continued  on  the  buffing  wheels. 

76.  Lacquering  is  coating  highly  poUshed  useful  and  orna- 
mental articles  of  silver,  brass,  bronze,  etc.,  with  a  liquid 
called  lacquer  to  prevent  them  from  tarnishing  or  oxidizing. 
Some  lacquers  are  transparent,  others  are  colored,  according 
to  the  shade  desired  upon  the  work.  To  lacquer,  clean  work 
by  wiping  or,  preferably,  by  dipping  in  a  solution  of  potash 
and  apply  lacquer  with  a  brush.  Some  work  is  dipped  in  a 
tank  of  lacquer.     See  Principles  of  Machine  Work^ 
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SECTION  6 

LATHE  WORK 

Inside  Calipers  and  Inside  Micrometers.    Boring  and  Inside  Threading. 

Square  Threads.  Acme  Standard  or  39^  Threads.  Multiple  Threads. 

Brass  Finishing.    Alinement  Drilling  and  Tapping. 

Drilling^  Tapping  and  Hand  Threading  In 

Speed  Lathe.    Broaching  Holes, 

Keyways  and  Slots. 

INSIDE  CALIPERS  AND  INSIDE  MICROMETERS 

1.  To  set  inside  calipers.  Ilg.  1.  —  Hold  rule  A  perpen- 
dicularly against  carriage  B.  Place  calipers  C  with  point  at  D, 
and  adjust  nut  E  until  other  point  coincides  with  middle  of 
Une  F. 


CARRIAGE    B 


•TEEL 
BULE    A  — 


Fig.  1.  —  Setting  Inside  Calipers. 

Another  method  is  to  set  calipers  to  a  standard  ring  gage, 
or  to  a  hole  of  the  desired  diameter  in  any  piece  of  work. 

2.  To  measure  diameters  of  holes  with  inside  calipers. — 
Work  to  be  measured  may  be  held  in  any  position  on  the  bench, 
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in  vise  or  chuck.  To  measure  work  G,  Fig.  2,  in  chuck  H, 
set  calipers  K  io  size  and  insert  point  M  in  the  lower  side 
of  hole,  and  steady  with  finger  while  a  gentle  effort  is  made  to 


Fig.  2.  —  MEAStmiNO  with  Inside  CaiiIpebs. 

insert  point  N,  pivoting  calipers  on  point  M  by  raising  and 
lowering  the  outer  end;  also  move  point  iV  to  right  and  left  to 
locate  maximum  diameter. 

3.  To  adjust  the  tool  to  bore  a  hole  to  diameter  to  which 
insidecaUpers  are  set. —  Take  trial  cuts  and  test  frequently  with 
calipers.     See  pp.  604,  605. 

4.  Small  inside  micrometer  calipers,  Figs.  3,  4  and  5,  an' 
obtainable    in   two    sizes,    one    measuring    from   two-tenths 


MEASonma  with  1*  Inside  HtCROUBTSB. 


of  an  inch  to  one  inch,  and  the  other  from  one  inch  to  two 
inches. 
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Except  that  the  barrels  are  figured  from  right  to  left,  they 
are  similar  to  outside  micrometeis  having  40  threads  to  the 
inch. 

The  reading  of  the  one-inch  micrometer  in  Fig.  3  equals 
10  X  .025  -  .250"  +  .002  =  .252"  or  J'  +  .002*. 


Fio.  5  —  Mbasurikq  with 
2*  Inside  Microubter. 


Iq  Fig.  4  a  two-inch  micrometer  is  shown  as  used  to  measure 
^he  hole  in  bushing  A, 

Solid  jaw  B  is  placed  agunst  the  lower  wall  of  hole. 

Sliding  jaw  C  is  moved  against  the  upper  wall  of  hole  by 
luming  thimble  D  to  right.  The  hole  is  bored  out  with  a  bor- 
ing tool  (see  pp.  604,  605)  until  the  two-inch  micrometer  reads 
2  X  .026"  =  .050'. 

1'  +  .050"  =  1.050"  (iameter  of  bore  of  bushing,  as  in 
Fig.  5. 

6.  La^e  Indde  micrometer  caliper.  —  Fig.  6  consists  of 
liflirel  A  graduated  into  40  divisions  to  the  inch,  thimble  B 
graduated  into  25  divisions,  attached  to  a  screw  having  40 
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threads  to  the  inch,  passing  through  a  nut  in  end  of  barrel  A. 
The  screw  has  a  movement  of  half  an  inch.  Measuring  point 
C  is  fixed  to  the  thimble,  but  measuring  point  or  rod  D  is 
held  in  chuck  E  and  clamped  by  nut  F  and  is  removable  in 


Fio.  6.  —  Mbasubing  Borb  op  Ctundeb  with  Larqb  iNsma 

Micrometer. 

order  to  insert  extension  rods,  a  number  being  supplied  vary- 
ing in  length  by  half  an  inch  {y),  one  being  shown  at  G. 
Adjustment  for  wear  on  rods  is  provided  by  adjusting  nuts 
H.  Fig.  6  shows  how  the  micrometer  is  used  to  measure  the 
bore  of  a  cylinder.  The  net  length  of  micrometer  is  3^'  and  the 
reading  is  3.200"  +  2  X  .025  »  3.250". 

BORING  AND  INSIDE  THREADING 

6.  Boring  tools.  —  Fig.  7  shows  a  forged  boring  or  inside  I 
turning  tool.     Cutting  edges  A  and  B  must  be  shaped  with 
accuracy.    The  point  is  rounded  slightly  in  order  to  make  it 


9 


TOP  view 


a 


\ 


•IOC  view 


Fio.  7.  —  Forged  Boring  Tool. 

cut  smoothly,  and,  also,  not  dull  quickly;  if  rounded  too  much, 
the  tool  will  spring  away  from  the  cut,  or  chatter.    See  Chart, 
pp.  l27,  309. 
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7.  To  Bet  and  use  boring  tool  in  lathe.  —  F!g.  8. 


FiQ.  8.  —  BoBiNQ  IN  Enoini  Lathb, 


SCHEDULE  OF  OPERATIONS 


1.  True  up  oored  work  C  in 
chuck  D  and  face  front  end. 

2.  Set  tool  E  height  of  dead 
center  /  as  at  H',  reverse  tool 
and  poet  F  into  poution  parallel 
to  ways  of  laUw  and  clamp 
tightly  on  0. 

3.  Run  tool  in  length  of  hole 


to  see  that  shank  clean  iralla, 
also  chalk  top  of  tool  to  show 
length  of  hole. 

4.  Rough  bore  hole  and  caliper 
frequently. 

6.  Take  two  or  three  light 
finishing  cuts  to  leave  hole  smooth 
and  true.     See  pp.  501-B03. 


Speed  for  boring.  —  Use  same  cutting  speed  for  boring  or  inside 
tuniiag  as  for  outside  turning,  see  pp.  145-148. 

Attention.  —  A  method  sometimes  used  to  bore  a  stnught  and 
smooth  hole  is  to  take  a  light  finishing  cut  inward,  then  reverse  the 
feed  and  let  the  tool  cut  outward. 

Note.  —  While  a  boring  tool  will  cut  satisfactorily  if  set  at  height  of 
centers,  as  H',  Pig.  8,  still  the  toot  will  cut  better  if  set  bdow  the 
centers,  the  amount  increasing  with  the  diameter  of  the  hole,  as  is 
inversely  true  with  outside  turning  tools.  See  pp.  133,  134. 
J  This,  however,  is  not  always  poeaible,  especially  in  am&Il  holes  as 
I  the  sin  of  tool  will  not  allow  sulGcient  clearance  and  will  cause  it  to 
I  ride  on  the  wall  of  the  hole,  which  must  be  avoided. 

6.  Squaring  of  an  inside  shoulder  with  the  tool  K,  Fig. 

'■     L  is  a  section  taken  at  MN.     The  rouaded  point  of 

I  a  boring  tool  leaves  a  fillet  at  the  termination  of  the  cut  and  if 
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a  square  shoulder  is  desired  an  inside  squaring  tool  is  used  to 
remove  the  fillet  and  square  the  shoulder  by  cutting  to  or  from 
the  center. 


N 

FiQ.  9.  —  Inside  SQnA.RiNQ  Tool. 

9.  Boring  holders   and    cutters    are    used    in   the    same 
manner  as  a  forged  tool.      A^  Fig.   lO,  shows    holder    and 

double-end  cutter  rough  boring 

a  cored   hole,    B,  in   work   C. 

For  inside  squaring  a  special  cap 

is  supplied  which  holds  the  cutter 

at  an  angle  of  45°  as  at  D.     See 

No.  20,  Chart,  p.  309. 

Boring  and  In-       At  E,  Fig.  11,  a  right-bent  out-  Boring  and 

SIDE  Squaring  side  holder  and  cutter  is  shown      Facing  with 

WITH  Holders  yg^d    as   a  boring  tool  and  for      Bent  Holder 

AND  Cutters,    squaring    and   facing  as   at    F.      "^  ^''^''' 

For  boring  long  holes  it  is  more  practical  to  use  drills,  boring 

bars,  boring  heads,  etc. 

10.  Inside  threading  tools.  United  States  Standard  or  Sharp 
V  threads.  —  Fig.  12^  shows  point  of  inside  threading  tool.     It 


Fig.  10.  — 


Fig.  11  — 


1/ 


s 


\ 


Fig.  12.  —  Inside  V-Threading  Tool. 

may  be  ground  as  at  A  and  B  for  United  States  Standard  or 
Sharp  V  threads.  It  is  similar  to  a  boring  tool.  See  No.  34, 
Chart,  p.  127. 


BORING  AND  INSIDE  THREADING 


The  method  of  aettiDg  an  inside  United  States  Standard  or 
Sharp  V-threading  tool  at  right  an^ea  to  the  work  is  shown 


in  Fig,  13-  Work  C  is  held  in  chuck  Z>  and  is  bored  to  size 
and  end  rough  and  finish  squared.  Tool  E  is  then  aet  to 
gage  F. 

IL  To  cut  an  inside  thread  in  lathe.  —  Fig.  14. 


-Inbidr  Thrbadinq  in  Enoihb  Lathe. 
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SCHEDULE  OF  OPERATIONS 


1.  True  up  work  G  in  chuck 
Hf  square  eud  and  bore  hole  about 
-ix"  Larger  than  root  diameter  of 
screw  that  it  is  to  fit.  See  Table 
of  Tap  Drills,  Principles  of  Ma- 
chine Work,  and  Threading,  p.  8 18. 

2.  Assemble  holder  /,  cutter 
bar  K,  threading  tool  L,  which 
should  be  ground  to  fit  thread 
gage,  and  clamp  in  tool  post  M 
supported  by  blocks  N  and  iV' 
in  tool  block  P. 

Adjust  tool  to  height  of  center, 
set  by  gage  F,  Fig.  13,  and 
clamp  bar  and  cutter  firmly  by 
screw  Q  and  cap  R, 

3.  The  cutter  may  be  removed, 
reground  and  reset  to  resume  its 
cut  by  means  of  cap  R. 

4.  Clamp  thread  stop  S  to 
slide  T  by  screw  U  and  adjust 
feed  of  tool  by  rotating  nurled 
head  W  which  is  fast  on  screw  V. 

5.  Rough  thread  with  cuts 
from  .003''  to  .004''  nearly  to  size. 
Finish  thread  with  cuts  from  .OOl'' 


to  .002*  until  thread  fits  screw, 
as  follows: 

Set  outside  calipers  to  the  out- 
side of  the  thread,  then  transfer 
setting  to  inside  calipers  or  to  & 
wire  filed  to  fit  outside  calipers, 
and  pointed  at  each  end  more 
acute  than  the  thread.  Cut 
thread  slightly  smaller  than  inside 
calipers  or  wire,  then  test  it  with 
the  screw. 

If  work  is  to  fit  a  lathe  spmdle 
or  other  work  that  cannot  be 
removed,  take  chuck  and  work 
from  lathe,  clean,  oil,  and  try  on 
the  screw.  If  it  does  not  fit 
take  another  light  cut,  and  so 
on  until  desired  fit  is  obtained. 

Attention,  — If  work  is  cast  iron, 
thread  dry;  if  steel  or  wrought 
iron,  use  lard  oil. 

Use  oil  for  all  materials  when 
fitting  to  screw  or  work  may 
seize  screw  and  have  to  be  split 
off,  thereby  destroying  work  and 
possibly  the  screw. 


12.  To  finish  tap  the  back  plate  of  a  chuck,  Fig.  15.  — 
When  cutting  an  accurate  thread  such  as  that  in  a  back 
plate,  A,  of  a  chuck  or  face  plate  of  a  lathe,  it  is  best,  if  a 
suitable  tap  is  available,  to  cut  about  three-quarters  of  a  full 
thread  with  a  threading  tool,  then  finish  tap  as  in  Fig.  15. 
Clean  and  oil  thread  and  tap  and  place  tap  wrench  B  on  tap 
C,  and  mount  on  dead  center  with  tap  in  thread.  Start  tap 
carefully  so  that  it  will  follow  the  thread  already  cut  and  not 
split  and  destroy  it.  Pull  belt  D  by  hand  and  follow  tap  with 
dead  center  with  handle  E.  To  back  out  tap,  unclamp  foot- 
stock  and  run  lathe  backward  by  hand  or  by  power.  Then 
square  up  end  F  and  bore  out  about  two  threads,  as  at  G,  to 
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permit  screwing  pUte  to  shoulder  on  nose  of  spindle  or  on 
a  mandrel  to  be  mactuQed. 

13.   Interrupted  thread   tap,    Fig.  15.  —  Instead   of   using 
adjustable  tap  C,  with  regular  thread,  preferably,  use  an 

■MINE  LATHE— BEAR  HEAD8T0CK 


Fio.  15.  —  FtNiSHiNa  Thrbad  with  a  Tap. 

interrupted  thread  tap,  as  at.  H,  which  is  obtainable.  This 
tap  requires  less  power  to  drive  it.  Every  other  tooth  is  cut 
away.  The  teeth  of  each  land  follow  in  the  spaces  of  the  land 
preceding  as  shown  by  arrows  J  and  K. 

11.  Engine  lathe,  gear  headstock,  Fig.  15,  shows  an  en- 
gine lathe  equipped  with  a  gear  speed  change  located  in  the 
head  in  place  of  the  cone  pulley.  The  different  speeds  and 
positions  of  the  levers  L  and  M  to  obtain  them  are  given 
in  a  table  at  N. 

AUentUm.  —  Some  all-gear  headstock  en^ne  lathes  have  a 
variable  speed  countershaft  to  give  a  still  greater  variety  of 
speeds. 

This  lathe  is  also  equipped  with  a  rapid  change-gear 
mechanism  for  feeds  and  threads.  In  a  table  at  P  are  given 
the  different  threads,  and  positions  of  the  levers   Q,  R,  and 
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S,  to  obtaiD  them.    The  feed  ia  usually  two  to  four  times 
threads  per  inch. 

16.  To  cut  right  inside  thread  to  ahoulder.  —  Fig.  16. 


SCHEDULE  OF  OPERATIONS 


1.  Work  A,  held  in  chuck  B, 
is  bored  to  correct  diameter  and 
depth. 

2.  Cut  groove  C  to  full  diam- 
eter of  thread  with  inside  form- 
ing tool. 


3.  Mark  line  £  with  chalk  to 
indicate  when  tool  D  reaches 
groove. 

4.  Cut  thread  to  desired  depth. 


16.  To  cut  a  left  in^de  thread  to  a  shoulder,  or  any  portion 
of  the  bole  less  than  its  entire  length,  cut  groove  as  at  C,  Fig. 
16,  from  which  start  tool  outward,  and  make  a  mark  at  £  to 
know  when  to  adjust  the  tool  forward  into  groove  preparator>- 
to  starting  to  cut  outward. 

SQUARE  THREADS 

17.  Square  threads,  Fig.  17,rightorleft,areu3edfor8crew8to 
transmit  motion,  as  the  cross  feed  and  leftd  screws  of  an  engine 
lathe,  valve  stems,  presses,  rock  drill  feed  screws,  etc.  They  can- 
not be  cut  successfully  with  dies,  or  milled  with  a  thread  milling 
machine.     See  Acme  Standard  or  29"  Threads,  pp.  521-631. 
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The  thickness  of  thread  and  width  of  space  are  each  oomi- 
naUy  one-half  the  pitch.  The  depth  is  one-half  pitch  plus 
the  clearance.  The  fit  is  on  the  sides  of  the  thread  with 
clearance  top  and  bottom.  A  larger  clearance  is  advisable  for 
large  diameters  and  coarse  pitches. 


Fio.  17.  —  Sectionai.  View  or  SaoAJUi  Thread  Scrkw  and  Not. 
NAMES  OF  PRINCIPAL  PARTS  OF  SQUARE  THREAB 


C  — Ktch. 

D.  —  Diameter  standard. 

E.  —  Root  diameter  (which  ie 
also  root  diameter  of  tap), 

F.  —  Diameter  of  bottom  of 
nut  (irtiich  is  also  diameter  of 
tap). 


G.  —  Bore  of  nut. 

U  and  H',  clearances;  same  for 
all  pitches.  H  made  by  cutting 
the  thread  .005*  deeper  than  i  P. 

H'  made  by  making  tap  .01* 
larger  in  diameter  than  D. 


18.  To  obtain  parts  of  Squan  thread.  - 
TOdth  of  tool  for  flcpew  thread  — 


No.  of  threads  per  inch 
Width  of  tool  fop  tap  thread  - 

1 

No.  of  threads  per  inch 
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JKWS'  for  eacb  linear  inch  of  out  for  shrinkage  of  tap. 
Diameter  of  screw     =  any 
IHatneter  of  tap         =  diameter  of  screw  +  .OlO* 
IMameter  of  screw  or  tap  at  root  of  thread  = 
diameter  of  screw  — 


No.  threads  per  inch 


.010*. 


Diameter  to  bore  nut  •=  diameter  of  screw  — 


No.  of  threads  per  inch 
Clearance  —  .005',  top  and  bottom  of  thread. 
19.  Table  of  Square  threads.  —  While  any  pitch  may  be 
assumed,  it  ia  best,  when  it  wiH  answer  the  purpose,  to  use 
whole  numbers  of  threads  per  inch  as  near  as  possible  to 
three-quarters  of  the  United  States  Standard  thread.  See 
p.  323. 


DlAUETEB. 

Thrbadb 
Per  Inch. 

DlAUVTEH. 

Thrbadb 
Feb  Inch. 

'. 

10 
9 
6 

7 

2* 

6 
6 

4 
3 

20.  Square  tlireading  tool,  Fig.  18. 


Fio.  18.  —  Outside  Square  Threadins  Tool. 


A,  top  face,  B,  side  view  partjoily  rotated,  and  C,  end  view. 
DE  and  FG  inclined  to  line  QR  to  ^ve  clearance. 


TO  FIND  INCLINATION  OF  THREAD 
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21.  To  find  indination  of  thread  and  to  file  tool. 

SCHEDULE  OF  OPERATIONfl 

I — 


H  M      K 

Fio.  19.  —  Making   a    Templet  and  Setting  Gage  to   Angle  of 
Inclinatiom  fob  Square  THRBADiNa  Tooi^ 


1.  File  edgefTliL,  true. 

2.  Draw  KL  at  90^  to  HK, 

3.  Make  KL  equal  to  circum- 
fereuce  at  root  of  thread. 

4.  Make  MK  equal  to  pitch. 


Inclination.    Fig.  19. 

5.  File  to  LM  which  gives 
inclination  of  thread  aiid  use  as 
a  templet  to  test  tool  or  omit 
filing  and  set  angle  gage  U,  Fig. 
19,  to  angle  LM  as  at  V. 


■  iiiniii  II 11  }';';*;■■>!*  j't  •••]•! 


X' 


Fig  20.  —  •  Testing  Inclination  of  Sqt7are  Threading  Tool 

WTTH  Angle  Gage. 


To  File  Tool.     Fig.  20. 


1.  FSe  bottom  of  tool  flat,  and 
end  square  as  in  Fig.  18.  File 
sides  with  an  8*  or  lO*'  hand 
smooth  file  and  8^  dead  smooth 
file  to  give  inclination,  clearance, 
and  fflze. 

2.  Teat  tool  with  gage  r/  as  at 
X  and  X't  Fig.  20,  or  with  sheet 


metal  templet  V,  as  in  Fig.  19. 

3.  Measure    with    micrometer 
calipers. 

4.  Harden   and   temper  to   a 
straw  color. 

5.  Grind  on  end  and  a  little  on 
top. 

Do  not  grind  on  sides. 


Attention.  —  The  amount  of  inclination  varies  with  different  pitches 
and  diameters,  but  with  a  generous  side  clearance  one  tool  will  do 
for  several  diameters.     The  tool  is  parallel  from  C  to  P,  Fig.  18. 
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For  very  coarse  pitches  tool  is  narrower  at  P  than  at  (y.  For  fine 
pitclies  top  face  A  is  ground  horizontal ;  for  coarse  threads  it  is  ground 
on  line  ST  at  right  angles  to  line  QR, 

Note.  —  The  tool  may  be  forged  and  ground  to  the  proper  angle 
with  a  universal  tool  grinder,  sae  Principles  of  Machine  Work,  then 
hardened  and  tempered,  reground  and  the  filing  omitted. 

22.  An  outside  Square  threading  holder  and  cutter  is  shown 
at  A  and  B,  Fig.  21.  Holder  C  supports  cutter  D.  Clamp  E 
and  bolt  F  fasten  cutter  to  holder  and  hold  different  widths  of 


euTTtii 


HOLDER  C 


^ 


A  B 

Fia.  21.  —  Outside  Square  Threading  Holder  and  Cutter. 

cutters.  Cutter  is  ground  upon  end  G  only.  Roughing  and 
finishing  cutters  are  used  for  coarse  threads.  End  H  is  for 
left  threads. 

23.  Method   of  setting  outside  Square    threading    tool. — 

Fasten  tool  A,  Fig.  22,  in  tool-post  lightly  and  adjust  to 
height  of  dead  center.     Mount  screw  blank   B  on  centers. 


SCREW    BLANK 


C[ 


i  1 1 1 1 1  Mi|l!i|i|»{i|iilili»|l|ii«ilW 
■''iiitltiilmniiihiHiniili 


6' 

RULE 


Pia.  22.  —  Setting  Square  Threading  Tool  with 

Steel  Rule. 


Place  steel  rule  C  against  blank  parallel  to  axis  and  rap 
tool  until  parallel  to  end  of  rule,  testing  from  both  sides  as 
at  C  and  C.     Fasten  tool  firmly. 


CUTTING  A  SQUARE  THREAD  SCREW 
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%L  An  inside  Square  threading  tool.  Fig.  23,  is  used  for  cut- 
ting inside  threads.  The  blade  AB  is  inclined,  shaped  and 
sized  to  suit  thread  to  be  cut  in  the  same  manner  as  the  outside 
Square  threading  tool,  Fig.  18,  p.  6l2.     Inside  Square  threads 


'Lf 


TOP  View 


9 


1^^^ 


\ 


•IOC  view 


Fig.  23.  —  Inside  Square  Threading  Tool. 

are  cut  also  by  inserting  properly  shaped  cutters  in  boring  tool 
holders.     See  No.  23,  Chart,  p.  309. 

26.  Method  of  setting  inside  Square  threading  tool.  — 
Nut  blank  C,  Fig.  24,  is  held  in  chuck  D.  End  E  is  faced 
and  hole  bored  to  size.  Place  tool  0  in  tool-post  and  adjust 
to  height  of  dead  center  (see  No.  2,  p.  605)  and  fasten  lightly 


ONUCK 

D 


K 


MUAMTHMAO 
NUT  BLANK 


=■«   - 


=.  M- 


miLf 


Fia.  24.  —  Setting  Inside  Square  Threading  Tool. 


in  approxiinate  position.  Hold  rule  F  against  end  E  and 
rap  tool  until  blade  of  tool  is  parallel  with  rule.  Then  clamp 
firmly. 
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26.  Roughing  tool.  —  For  Square  threads,  five  pitch  or 
coarser,  use  a  roughing  tool  .010"^  less  in  width,  0,  Fig.  18, 
than  finishing  tool. 

27.  Square  thread  tap  l^''  diameter,  5  threads  to  1", 
Fig.  25,  is  used  to  tap  both  loose  and  fixed  nuts.  Loose  nuts 
are  usually  rough  threaded  in  the  engine  lathe  with  an  inside 
Square  thread  roughing  tool,  Fig.  23,  then  finish  threaded  with 
one  or  more  taps. 


.1- 


T  ~  ^^wwwimwppiHWttnwfiw— ,-,-,„^, 


aporiuiiMUHnmumHiiuiuuHiutuiHraroi 

■r^^^nfuuvuomiiniuuuuwwwvwwwMM 


1/ 


Fig.  25.  —  Square  Thread  Tap,  1 J  x  5. 

For  fixed  nuts  such  as  parts  of  machine  frames,  one  or  two 
roughing  taps  are  used,  followed  with  the  finishing  tap. 

They  are  made  without  a  leader  as  at  A,  Fig.  25,  or  with 
plain  or  threaded  leaders.  A,  Fig.  33.  See  Alinement  Drill- 
ing and  Tapping,  p.  638. 

The  diameter  is  made  one-hundredth  of  an  inch  larger  than 
the  screw  for  clearance.  The  root  diameter  is  the  same  as  the 
screw.    See  pp.  6ll,  6l2. 

Shank  B  is  made  about  one-hundredth  of  an  inch  smaller 
than  the  bore  of  the  nut. 

These  taps  cannot  be  obtained  commercially,  but  must  be 
specially  made. 

28.  To  cut  a  Square  thread  screw,  Fig.  26. 


STOCK 
2)  MACHINE  STEEL 


Fig.  26.  —  Schedule  Drawing  of  Square  Thread  Screw. 


CUTTING  A  SQUARE  THREAD  SCREW 


Sl7 


Spedficatioiis:  Material,  machine  steel  i^' large;  weight,  3  lb.  8  oz. 
For  heat  treatment  see  Principles  of  Machine  Work, 
Hardness,  14  to  16  (scleroscope). 

True  live  center.     Set  dead  center  in  approximate  alinement. 
Hi^-epeed  steel  or  stellite  cutting  tools. 
Time :  Study  drawing  and  schedule  in  advance,  5  min.  — 
Oil  lathe,  4  min.  —  Prepare  screw  blank,  1  h.  5  min. — 
Rough  and  finish  thread  and  fit  to  nut,  1  h.  10  min. —  (AH  to;>ls 
furnished.)  — 
Clean  lathe,  3  min.  —  Total,  2  h.  27  min. 

SCHEDULE  OF  OPER.\TIONS,  MACHINES  AND    TOOLS 


Operations. 


Center. 


Rough  square,  (1),  (3). 


Recenter. 


Finish  square,  (1),  (3). 


Rough  turn  1^'  large,  (3),  one 
cut. 


Set  dead  center  in  accurate 
alinement  to  turn  straight 
using  this  shaft  or  a  trial 
piece  the  same  length. 
See  pp.  110,1 17. 

Finish  turn  1.25'+.003^  (4). 


PUe  1.26*'  4-  .001'.  («). 
Polish  1.26',  (5). 


Or  rough  turn  .01'  large,  and 
grind,  after  threading. 


Machines,  Speeds, 
Feeds. 


Centering  machine. 

Engine  lathe,  12^  to 
16'.  2d  or  3d  speed, 
or50F.P.M.  Hand 
or  power  feed. 

Speed  lathe,  drill,  4th 
speed;  countersink 
Sd  speed. 

EIngine  lathe,  3d  or  4th 
speed  or  80  F.P.M. 
Hand  or  power  feed . 

1st  or  2d  speed,  or  60 
F.P.M.  Medium 
power  feed  —  80  to 
1*. 

3d  or  4th  speed  or  80 
F.P.M.  Fine  power 
feed  —140  to  1'. 

3d  or  4th  speed,  or  80 
F.P.M.  Fine  power 
feed  — 140  to  1'. 


4th  or  5th  speed,  or 
175  FJP.M. 

Speed   lathe,   highest 
speed. 

See  Cylindrical  Grind- 
ing Machine,  p.7oi. 


Tools. 


A'  drill,  60"  counter- 
sink, lard  oil. 

Dog,  side  tool  or 
holder  and  cutter 
35^  rake,  calipers, 
rule. 


Diamond-point  tool 
or  holder  and  cut- 
ter, 35**  rake,  cali- 
pers, rule. 

Dog,  copper,  dia- 
mond-point tool 
or  holder  and  cut- 
ter, 35^  rake,  mi- 
crometer. 

Copper  under  set 
screw  of  dog,  dia- 
mond-point tool  or 
holder  and  cutter, 
35®  rake,  microm- 
eter. 

8'  or  10*  mill  bastard 
file. 

60  and  00  emery 
cloth,  polishing 

clamps. 
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Opbrationb. 


DriU  hole,  (6). 


GrinU  square  thread  roughing 
tool. 

Bet  tool  (see  p.  5 14)  and  thread 
stop,  arrange  lathe  for  5 
threads.  Pull  belt  down- 
ward to  take  up  back-lash, 
loosen  set  screw  of  dog 
and  adjust  shaft  until  tool 
terminates  in  hole,  (6). 
Tighten  set  screw. 

Rough  thread  to  1.04*  +  .01', 
(7),  twenty  cuts  .005*'  each. 
Depth  of  thread  .100*. 

Set  finishing  tool  to  cut  on 
both  sides  of  groove  by 
loosening  dog,  adjusting 
shaft  and  testing  cut  at  end 
thread.    Tighten  set  screw. 

Finish  thread  to  1.04',  (8), 
twenty  cuts  .005*,  two  cuts 
.002*,  one  cut  .001*.  Depth 
of  thread  .105*. 

Turn  off  thick  end  thread,  (0), 
and  smooth  thread  with  file. 


File  top  of  threads  to  remove 
burr. 

File  sides  of  thread  slightly  if 
needed  to  make  the  fit  easier. 
(Preferably  with  file  and 
speed  reversed.) 


MACHI2iB8,  SpBEDS, 

Feeds. 


Speed  lathe,  drill 
chuck,  3d  or  4th 
speed,  or  1000 
R.P.M. 


Engine   lathe.         1st 
speed,  or  25  F.P3f . 


1st     speed, 
F.P.M. 


or     25 


2d  or  3d  speed,  or  50 
F.P.M.    Hand  feed. 


4th  or  5th  speed,  or 
175  F.P.M. 

Istspeed.orlOF.P.M. 


Center  punch,  A' 
straight  shank  twist 
drill,  V  center,  depth 
gage,  lard  oil. 


Forged  Square  thread 
roughing  tool,  width 
.090*.  See  Fig.  18. 
or  use  holder  and 
cutter,  see  Fig.  21, 
calipers,  rule,  lubri- 
cate freely  with  lard 
oil. 


Forged  finishing  tool, 
width  .100*  +  .002* 
for  fit,  1'  microme- 
ter, file,  harden  and 
temper  and  grind 
or  use  holder  and 
cutter,  calipers, 
rule,  lard  oil. 


Diamond-point  and 
side  tools,  or  holder 
and  cutter,  8*  or 
10*  mill  bastard  file. 

8*  or  10*  mill  bastaxd 
file. 

5*  or  6'  warding  bas- 
tard file,  two  safe 
edges. 


Attention. — Terminate  each  cut  as  follows:  stop  lathe  when  too] 
is  ^  or  ^  revolution  from  hole,  then  carefully  pull  belt  to  continue  cut 
almost  to  hole  and  end  the  cut  by  moving  tail  of  dog  in  slot  of  face  plate. 

Note.  —  Roughing  tool  may  be  removed,  ground,  and  reset  if  neces- 
sary, but  not  the  finishing  tool, 


SQUABE  THREAD  NUT 
To  make  a  Square  thread  not,  Fig.  27. 

TAP   1^'  DIA.  S  THOS.  TO  1* 


FiQ.  27.  —  ScBBDDLB  Drawinq  oj  S4UABB  Thread  Hvr. 

Speofif^dons:  Preparing  nut  blank.    Rough  threading.    Tapping. 

Material,  iron  casting,  cored;  w«ght,  1  lb.  6  oz. 

HardnesB,  29  to  31  (scleroecope). 

Higfa-epeed  steel  or  atellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — 

Oil  lathe,  4  min.  —  Bore,  thread,  and  tap  nut,  40  min. — 

Square,  turn,  and  nurl  nut,  28  min.  —  (All  tools  furnished.) 

Clean  lathe,  3  min.  — Total,  1  h.  20  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 
n«».^™-  I     "achinbs,  Speeob, 


Kngine  Utbe,  12*  to 
16-.  3d  gpeed,  or 
200  R.P.M. 


IndependeDt     chuck, 


Round-DOM  tool,  or 
holder  and  cutter, 
15°  nke. 

Boring  tool ,  s««  p.  6a4. 
Inside  oalipen,  rule. 


drill  Ci.05'). 
See  p.  4l0  and  Prin- 
eiplti   of   Machine 

Work. 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 

Contintied 


Operations. 


Set  inside  Square  thread  tool 
(see  Fig.  24),  and  cut  re- 
cess for  improvised  gage  ^' 
X  li',  (3).  See  (A),  Fig. 
27. 

Arrange  lathe  for  5  threads 
with  thread  stop  reversed. 

Rough  thread  to  l}'^  the  di- 
ameter of  gage  A,  (4),  fif- 
teen cuts,  .006'  each,  five 
cuts,  .002*  each.  Depth  of 
thread,  .100*. 

Start  tap  in  lathe,  pull  belt 
downward  and  follow  with 
dead  center.  Be  sure  that 
tap  follows  thread  or  it  may 
ream.  Remove  nut  and 
tap  to  reaming  stand  or 
vise,  and  finish  tapping,  (5). 

Mount  nut  on  nut  mandrel 
and  rough  square,  (6),  one 
or  two  cuts. 


Finish  square,  (6),  one  or  two 

cuts. 
Reverse   nut   and   square   to 

length    to    remove    recess, 
.  (7),  two  or  three  cuts. 

Rough  turn,  (8),  one  or  two 
cuts. 


Finish  turn,  (8),  one  cut. 


Machinbs,  Spxsds, 
Feeds. 


IstspeedorSOF.P.M. 
Hand  feed. 


Ist  speed,  or  30  F.P.M. 


Reaming  stand  or  vise 
and  groo  ved  wooden 
jaws. 


2d  or  3d  speed,  or  40 
F.P.M. 


File,  (0). 


Nurl,  two  to  four  times,  (10). 
See  Machine  Nurling,  p.  636. 


3d  or  4th  speed,  or  60 

F.P.M. 
2d  or  3d  speed  or  60 

F.P.M. 


Ist  or  2d  speed,  or  35 
F.P.M.  Medium 
power  feed  —  80  to 
1'. 

2d  or  3d  speed,  or  60 
F.P.M. 


4th  speed,  or  175 
F.P.M. 

1st  or  2d  speed,  or  35 
F.P.M.  Medium 
power  feed  —  80  to 

File    comers    slightly   to    re-      4th     speed     or     175 
move  burr,  (11),  (12).  F.P.M. 


Toou. 


Forged  Si^uare  thread 
tool,  width  .090*, 
or  holder  and  cut- 
ter, inside  calipeis, 
rule. 


Without  oil. 


li'X5  Square  thread, 
tap  and  tap  wrench, 
lubricate  tap  freely 
with  lard  oil. 


li'X5  Pquare  thread 
nut  mandrel,  dog, 
round-nose  tool,  or 
holder  and  cutter, 
calipers,  rule. 

Facing  tool  or  holder 
and  cutter. 

Round-nose  tool  or 
holder  and  cutter, 
and  facing  tool, 
calipers,  rule. 

Diamond-point  tool 
or  holder  and  cut' 
ter,  15**  rake,  cali- 
pers, rule. 

Diamond-point  or 
round-nose  tool,  or 
holder  and  cutter, 
calipers,  rule. 

8'  or  10*  mill  bastaid 
file. 

Machine  nurling  tool, 
medium  pitch,  n'l. 


S''  or  10*  miU  bastaid 
file. 


See  Attention  and  Xoie^  p.  621. 
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AOtniiim.  —  In  the  absence  of  a  tap  an  irisidc  tool  may  be  made 
otK-half  pitch  +  .001'  to  Rnish  the  thread,  but  the  thread  will  not 
be  as  smooth  or  the  fit  of  screw  and  nut  as  eood. 

Nole. — The  nut  in  I^Tg.  27  U  nurled  for  ronveiiience  in  handling 
as  a  problem.  For  practical  atylea  of  nuta  to  transmit  motion,  see 
p.  638. 

30.  To  fit  screw  to  nut,  Figs.  26  and  27. 

SCHEDULE  OF  OPERATIONS 


1.  Ascertain  if  thread  binds  on 
top  or  bottom  by  testing  with 
colipere  and  comparing  with  tap, 
Fig.  25;  if  so,  file  top  of 
threads  on  screw  or  cut  thread 

2.  Hold  nut  in  grooved  wooden 
jaws  in  viae.     Oil  acrew,  grasp  dog 


with    both   bands  and    force    in 
with  hand  pressure. 

3.  If  necessary  file  sides  of 
threads  with  a  warding  file. 

4.  After  screw  is  fitted  to  nut, 
polish  top  of  thread  with  90 
emery  cloth,  polishing  clamps 
and  lard  oil. 


AtUnium.  — To  file  sides  of  a  right  thread,  preferably,  run  lathe 
backward  at  a  alow  speed,  reverse  file  and  file  toward  footstock. 

ACME  STANDARD  OR  29=  THREADS 
31.  Acme  Standard  or  29°  threads,  Fig.  28,  right  or  left, 
are  used  for  screws  to  transmit  motion,  as  on  lead  screws,  feed 


Fia.  28.  —  Sectional  View  of  Acue  Standard  or 
20°  Thread  Screw  and  Nct. 

screws,  elevating  screws,  valve  stems,  presses,  rock  drills,  etc., 
and  they  are  displacing  Square  threads   for  other  purposes 
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because  they  can  be  more  readily  cut  in  the  lathe,  and  also 
successfully  and  rapidly  cut  with  dies,  with  bolt  cutters  and 
turret  lathes,  and  milled  with  thread  milling  machines. 

The  depth  of  the  thread  is  equal  to  one-half  the  pitch  plus 
.01^  for  clearance.  The  fit  is  on  the  sides  with  clearance  on 
top  and  bottom. 


NAMES  OF  PRINCIPAL  PARTS  OF  2^  THREAD 


C  —  Pitch. 

D  —  Diameter,  standard. 

E  —  Root  diameter  (which  is 
also  root  diameter  of  tap). 

F  —  Diameter  at  bottom  of 
thread  on  nut  (which  is  also  diam- 
eter of  tap). 

G  —  Bore  of  nut. 


H  and  H'  —  Clearances,  same 
for  all  pitches.  {H  obtained  by 
cutting  thread  .01'  deeper  than 
iP;  H',  by  making  tap  .02' 
larger  than  diameter  of  screw.) 

K  —  Included  angle  29^. 

L  — Side  angle  14^^ 


32.  To  obtain  parts  of  thread.  — 

Width  of  point  of  tool  for  screw  or  tap  thread  « 

.3707 
No.  threads  per  inch 

Width  of  point  of  screw  or  nut  thread  « 

.3707 
No.  threads  per  inch 

Diameter  of  tap         =  diameter  of  screw  +  .020. 

Diameter  of  screw     =  any 

Diameter  of  tap  or  screw  at  root  of  thread  =  diameter  of 

+  .020"]. 


screw 


VNo. 


Depth  of  thread 


threads  per  inch 
1 


2  X  No.  threads  per  inch 

Diameter  to  bore  nut  =  diameter  of  screw  — 

1 

No.  threads  per  inch 

Clearance  «  .Ol'^  top  and  bottom  of  thread. 


+  .010. 


ACME  STANDARD  OR  29*'  THREAD 
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33.  Table  of  Thread  Parts  for    Acme  Standard  or  29^ 
Thread. 


No.  OF 

Depth  OF 
Thread. 

Width  at 

Width  at 

Space  at 

Thickness 

Pitch. 

THREADe 

Top  of 

Bottom 

Top  of 

AT  Rogp*  OP 

PER  Inch. 

Thread. 

OP  Thr'd. 

Thread. 
1.2586 

Thread. 

2 

i 

1.010 

.7414 

.7362 

1.2637 

1} 

t 

.9475 

.6950 

.6897 

1.1799 

1.1850 

1} 

.8850 

.6487 

.6435 

1.1012 

1.1064 

H 

A 

.8225 

.6025 

.5973 

1.0226 

1 .0277 

H 

} 

.7600 

.5560 

.5508 

.9439 

.9491 

lA 

if 

.7287 

.5329 

.5277 

.9046 

.9097 

1} 

A 

.6975 

.5097 

.5045 

.8G52 

.8704 

ift 

.6662 

.4865 

.4813 

.825D 

.8311 

ij 

.635 

.4633 

.4581 

.7866 

.7918 

lA 

t* 

.6037 

.4402 

.4350 

.7472 

.7525 

U 

' 

.5725 

.4170 

.4118 

.7079 

.7131 

lA 

? 

.5412 

.3938 

.3886 

.6686 

.6739 

1 

1 

.510 

.3707 

.3655 

.6293 

.6345 

H 

If' 

.4787 

.3476 

.3424 

.5898 

.5950 

i 

.4475 

.3243 

.3191 

.5506 

.5558 

tt 

lA 

.4162 

.3012 

.2960 

.5112 

.5164 

i 

H 

.385 

.2780 

.2728 

.4720 

.4772 

U 

lA 

.3537 

.2548 

.2496 

.^327 

.4379 

1 

i| 

.3433 

.2471 

.2419 

.4194 

.4246 

jl 

i| 

.3225 

.2316 

.2284 

.3934 

.3986 

V 

Ij 

.2912 

.2085 

.2033 

.3539 

.3591 

i 

2 

.260 

.1853 

.1801 

.3147 

.3199 

A 

2? 

.2287 

.1622 

.1570 

.2752 

.2804 

f 

2i 

.210 

.1482 

.1430 

.2518 

.2570 

i 

2} 

.1975 

1390 

.1338 

.2359 

.2411 

i 

3 

.1766 

.1235 

.1183 

.2098 

.2150 

A 

3i 

.1662 

.1158 

.1106 

1966 

.2018 

? 

3} 

.1528 

.1059 

.1007 

.1797 

.1849 

i 

4 

.1350 

.0927 

.0875 

.1573 

.1625 

i 

^i 

.1211 

.0824 

.0772 

.1398 

.1450 

i 

5 

.110 

.0741 

.0689 

.1259 

.1311 

A 

5i 

,1037 

.0695 

.0643 

.1179 

.1232 

1 

6 

.0933 

.0617 

.0565 

.1049 

.1101 

7 

.0814 

.0530 

.0478 

.0899 

.0951 

9 

I 

8 

.0725 

.0463 

.0411 

.0787 

.0839 

1 

9 

.0655 

0413 

.0361 

.0699 

.0751 

A 

10 

.060 

0371 

.0319 

.0629 

.0681 

S  V 

it 

16 

.0412 

.0232 

.0180 

^   .0392 

.0444 
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34.  Table  of  Acme  Standard  or  29^  threads.  —  While  any 
pitch  may  be  assumed,  it  is  best  to  use  whole  numbers  of 
threads  per  inch  as  near  as  possible  to  three-quarters  of  the 
United  States  Standard.    See  p.  323. 


Diameter. 

Thbeads  Peb 
Inch. 

Diameter. 

Threads  Pee 
Inch. 

r 
r 

^5 

8 
7 

1' 
IK 

•  ir 

2* 

1 

6 
5 

4 
3 

36.  To  file  or  grind  Acme  Standard  or  29^  threading  tool,  Fig. 
29. — A  is  top  face,  B  and  C  are  side  and  end  views.  For 
method  of  finding  inclination  of  thread,  see  Square  Threading 
Tool,  pp.  613,  614. 


Vis'U- 


Fia.  29.  —  Acme  Standard  or  29°  Threading  Tool. 
SCHEDULE  OF  OPERATIONS 


1.  File  bottom  and  end  of  tool. 

2.  File  sides  to  fit  gage  D  as  at 
E,  Fig.  30. 

3.  Harden  and   temper   to   a 
straw  color. 


4.  Grind  end  until  point  F, 
Fig.  29,  will  fit  notch  in  gage  as 
at  G,  Fig.  30,  the  desired  pitch, 

5.  Grind  top  face,  A,  Fig.  29, 
slightly. 


AficnXion,  —  For  fine  pitches,  use  same  tool  for  roughing  ami 
finishing.  For  5  pitch  or  coarser,  rough  with  Square  threading  tool 
.01"  narrower  than  point  of  29°  tool.  In  case  of  very  conrse  pitches, 
cut  a  square  groove,  then  with  right  and  left  side  tool  cut  down  sides 
of  thread,  after  which  use  finishing  tool  of  desired  shape.  A  com- 
pound rest  is  often  used  for  coarse  pitches. 

Note.—  The  tool  may  be  forged  and  ground  to  the  proper  angle  with 
a  universal  tool  grinder  (see  Principles  of  Machine  Work),  then  hard- 
ened and  tempered,  reground,  and  the  filing  omitted.  The  thread  is  ak) 
cut  with  29°  threading  holder  and  cutter.     See  No.  16,  Chart,  p,  3()9. 


TO  FILE  AND  ORIND  TOOL 
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SCREW    BLANK 

H 

ho  9    8    7      6     5     4     3    2-;- 
— T**"*.*.^©*  SCREW  THD.  r\ 
1       E^-^QTOOL  OAQE      ^ 

•  Jv-- —      D      rr 

1^    l-h  I 


FiQ.  30.  —  Sbttinq  Tool  to  Cut  Acicb 
Standard  ob  29^  Thread. 

36.  Method  of  setting  outside  Acme  Standard  or  29^  thread- 
ing tool.  —  Fasten  tool  K,  Fig.  30,  in  tool  post  lightly  and  ad- 
just to  height  of  dead  center.  Mount  screw  blank  H  on  centers. 
Place  gage  D  against  screw  blank  H  parallel  to  axis  and  rap 
tool  until  angle  of  tool  fits  angle  of  gage.  Then  fasten  tool 
firmly. 

37.  An  inside  Acme  Standard  or  29®  threading  tool.  —  Fig. 
31  is  used  for  cutting  inside  threads.  The  blade  AB  is  in- 
clined, shaped  and  groimd  to  suit  thread  to  be  cut  in  the  same 


TOP    VIEW 


B 


1 


V 


IDE  VIEW 


Fig.  31.  —  Inside  Acme  Standard  or  29** 
Threading  Tool. 

manner  as  the  outside  Acme  Standard  or  29**  threading  tool, 
Pig.  29. 

Inside  29®  threads  are  cut  also  by  inserting  properly  shaped 
cutters  in  boring  tool  holders.    See  No.  24,  Chart,  p.  309. 


626 


AbVANCED  MACHINE  WORK 


38.  Method  of  setting  inside  Acme  Standard  or  29^  thread- 
ing tool.  —  Nut  blank  C,  Fig.  32,  is  held  in  chuck  D,  End 
E  is  faced  and  hole  bored  to  size.     Place  tool  F  in  tool  post 


.CHUCK 

D 


01  6  8 

^  ^  ~ 


29"  THREAD 
TOOL  QAQE 

G 

I     9     ^     f     t 


Fig.  32.  —  SEmNG  Inside  Achb  Standard  29® 

Threading  Tool. 


and  adjust  to  height  of  dead  center  (see  No.  2,  p.  605)  and  fasten 

lightly  in  approximate  position.     Hold  gage  G  against  face  of 

chuck  D  and  rap  tool  until  angle  of  tool  fits  angle  of  gage. 

Then  fasten  tool  securely. 

39.  Acme  Standard  or  29®  thread    tap   l^''  in  diameter. 

6  threads  to  1,  Fig.  33,  is  used  to  tap  both  loose  and  fixed 

nuts. 

f 


T 


II 


i 


unnr 


B      UOAtf        l.2S^.02'' 


Fig.  33. —  Acme  Standard  or  29®  Thread  Tap  lix  6. 

Loose  nuts  are  usually  rough  threaded  in  the  engine  lathe 
with  an  inside  threading  tool.  Fig.  32,  to  about  }  of  a  ^^" 
thread,  then  finish  threaded  with  a  tap. 


CUTTING  A  29**  THREAD  SCREW 
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For  fixed  nuts,  such  as  parts  of  machine  frames,  one  or  two 
roughing  taps  are  used,  followed  by  the  finishing  tap,  prefer- 
ably of  t3rpe  shown  at  H,  Fig.  15.  These  taps  are  made  with 
leaders  as  at  il,  Fig.  33,  or  without  leaders.  A,  Fig.  25.  See  Aline- 
ment  Drilling  and  Tapping,  p.  538.  The  diameter  is  made  two- 
hundredths  of  an  inch  larger  than  the  screw  for  clearance. 
See  p.  622.     The  root  diameter  of  tap  is  the  same  as  screw. 

Leader  A  and  shank  B  are  two-thousandths  of  an  inch 
smaller  than  bore  of  nut,  and  the  leader  may  be  used  as  a  gage 
to  test  the  bore  of  nut.  These  taps  cannot  be  obtained  com- 
mercially but  must  be  specially  made. 

40.  To  cut  Acme  Standard  or  29^  thread  screw.  Fig.  34. 


Fig.  34.  —  Schedule  DaA.wiNa  of  Acme  Standard  or  29^ 

Thread  Screw. 

Specifications:  Preparing  screw  blank.  Threading.  Material, 
machine  steel  ^'  largq;  weight,  3  lb.  8  oz. 

For  heat  treatment  see  Principles  of  Machine  Work, 

Hardness,  14  to  16  (scleroscope). 

True  live  center.     Set  dead  center  in  approximate  alinement. 

High-speed  steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  — 

Oil  lathe,  4  min. — Prepare  screw  blank,  65  min.  —  Rough  and  finish 
thread,  and  fit  to  nut,  1  h.  10  min.  —  (All  tools  furnished.)  Clean 
lathe,  3  min.— Total,  2  h.  27  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Center. 


Rough  sqiutre,  (1),  (2). 


Machines,  Speeds, 
Feeds. 


Ontering  machine. 

Engine  lathe,  12^  to 
16^  2d  or  3d  speed, 
or  50  F.P.M.  Hand 
or  iK)wer  feed. 


Tools. 


ii"  driU,  60*  counter* 
sink,  lard  oil. 

Dog,  side  tool  or 
holder  and  cutter 
35*  rake,  calipers, 
nile. 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 

CofUinued 


Ofbbationb. 


Recenter. 


Finish  square,  (1),  (S). 


Rough  turn  it'  Uuige,  (3),  one 
cut. 


Set  dead  center  in  accurate 
alinement  to  turn  straight 
using  this  shaft  or  a  trial 
piece  the  same  length.  See 
pp.  llO.  Il7. 

Finish  turn  1 JJ5'  4-  .003',  (4). 


File  1.25' +  .OOr,  (5). 

Polish  1.26'.  (5). 

Cut  groove,  (6),  to  root  diam- 
eter of  thread,  1.03*. 

Grind     Square      thread    29^ 

roughing  tool. 
Set  tool  (see  p.  6u)  and  thread 

stop,   ammge   lathe   for   5 

threads. 

Rough  thread  to  1.03'  +  .02*, 
(7),  twenty  cuts  .005'  each. 
Depth  of  thread,  .lOO*. 

Set  finishing  tool  to  cut  on 
both  sides  of  groove  by  tak- 
ing up  back-lash,  loosening 
dog,  adjusting  shaft  and 
testing  Cut  at  end  thread. 

Finish  thread,  (8),  twenty 
cuts  of  .005'  each,  two  cuts 
of  .002*  each.  Then  take  1 
cut  .001',  clean,  oil,  and 
test  and  repeat  until  screw 
fits   nut.    Depth  of  thread 

.no*. 


Machinsb,  Speeds, 
Feeds. 


Speed  lathe,  drill,  4th 
speed;  countersink, 
3d  speed. 

Engine  lathe,  3d  or 
4th  speed,  or  80 
F.P.M.  Hand  or 
I>ower  feed. 

Ist  or  2d  speed,  or  60 
F.P.M.  Medium 
power  feed  —  80  to 
1'. 

3d  or  4th  speed  or  80 
F.P.M.  Fine  power 
feed  — 140  to  1'. 


3d  or  4th  speed,  or  80 
F.P.M.  Fine  power 
feed  — 140  to  1'. 


4th  or  5th  speed,  or 

176  F.P.M. 
Speed   lathe,   highest 

speed. 
Engine  lathe,   1st  or 

2d    speed,     or    25 

F.PJii.    Hand  feed. 


1st      speed, 
F.P.M, 


or      30 


1st      speed, 
F.P.M. 


or 


30 


Diamond-point  tool 
or  holder  and  cut- 
ter, 35*  rake,  cali- 
pers, rule. 

Dog,  copper,  dia- 
mond-point tool  or 
holder  and  cutter, 
35^  rake,  microm- 
eter. 

Copper  underset  screw 
of  dog,  diamond- 
point  tool  or  holder 
and  cutter,  35**  rake, 
micrometer. 

8'  or  10'  miU  bastard 
file. 

60  and  90  emery  cloth, 
polishing  clamps. 

29*  grooving  tool,  cal- 
ipers, rule,  lard  oil. 

Forged  Square  thread 
(29**  roughing  tool) 
—  width  .060*,  see 
Fig.  18.  or  holder 
and  cutter,  see  Fig- 
21. 

Calipers,  rule;  lubri- 
cate freely  with  lani 
oil. 

Forged  29*  finishing 
tool,  ground  to  fit 
angle  and  notch  5 
on  gage.  Fig.  30. 
or  use  holder  and 
cutter,  calipers, 
rule,  lard  oil. 


29»  THREAD  NtTT 


aCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 
Cotudtided 


Opkxationb. 

Fm». 

Tool*. 

Turn  oS  end  of  thread,  (»), 

2d  or  3d  apHd,  or  50 

tad  smooth  oS  thrtad  with 

F.PJf.    Hud  feed. 

■ide  tools,  or  holder 

file. 

•nd    cutter,    8*    or 
IC      miU     buurd 
file. 

FHn  top  (rf  threads  to  remove 

4tb   (»  6th  ipeed.  or 

»•   or   lO*   mill   bwf 

i>^ 

176F.P.M. 

tjudeie. 

Fde  odea  of  th™.d  elighUy  if 

lit  speed,  or  10F.P.M 

6'  or  6'  w«diDg  bas- 

Deeded   to    make    the    Bt 

tard   file,  two  safe 

edges. 

and  q>eed  roTerwd.) 

Polish  tops  of  thmda. 

Speed    lathe,    highest 

Memerycloth,  polish- 

q«ed. 

ing  clamps,  lard  oil. 

Attentitm.  —  Tenninate  each  cut  as  follows:  stop  lathe  when  tool  U 
)  or  ^  of  a  revolutioa  from  groove,  then  carefully  puU  belt  to  continue 
cut  to  groove. 

A  hole  instead  of  a  groove  is  aometimes  used  in  which  to  terminate 
the  cut.     See  K,  T]g.  17. 

For  fine  pitches  a  groove,  or  hole,  is  Bometimes  omitted  and  a  taper- 
ing termination  used  the  same  as  United  States  Btandard  and  Sharp  V 
threads.     See  pp.  3l8,  3l9,  330,  331. 

Warning.  — Roughing  tool  may  be  removed,  ground,  and  reset,  if 
necessary,  but  it  is  best  not  to  remove  the  finishing  tool  until  thread 
B  completed. 

Important.  —  A  29°  thread  nut  must  be  made  first  in  order  to  fit  the 
screw  to  it. 

11.  To  make  an  Acme  Standard  or  29°  thread  nut,  Fig.  35. 

TAP  I^'dIA.  BTHDS.TOI* 


3t 
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Specifications:  Preparing  nut  blank.  Rough  threading.  Tapping. 
Material,  iron  casting,  cored;  weight,  1  lb.  5  oz. 

Hardness,  29  to  31  (scleroscope). 

High-speed  steel  or  stellite  cutting  tools. 

Time :  Study  drawing  and  schedule  in  advance,  5  min.  — 

Oil  lathe,  4  min.  —  Bore,  thread,  and  tap  nut,  40  min.  — Square, 
turn,  and  nurl  nut,  28  min.  —  (All  tools  furnished.)  Clean  lathe,  3 
min.  —  Total,  1  h.  20  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Mount  in  chuck,  true  up,  and 
clamp  hard  in  chuck. 

Rough  square,  (l),  one  or  two 
cuts.     Feed  inward. 

Rough   bore    hole   to    about 
l.C^'',  (3),  two  or  three  cuts. 


Finishbore  hole  1.05',  (2),  two 
or  three  cuts. 

Or  omit  boring,  bevel  corner 
of  hole  and  drill  to  sise. 


Set  inside  29''  thread  tool,  Fig. 
32,  cut  recess  for  impro- 
vised gage  A*  X  li',  (3). 
See  A,  Fig.  35. 

Arrange  lathe  for  5  threads 
with  thread  stop  reversed. 

Rough  thread  to  l^''  the  di- 
ameter of  gage  A,  (4),  fif- 
teen cuts  .006'  each,  five 
cuts  .002^'  each.  Depth  of 
thread  .100*. 

Start  tap  in  lathe,  pull  belt 
downward  and  follow  with 
dead  center.  Be  sure  that 
tap  follows  thread  or  it  may 
ream  out  thread.  Remove 
nut  end  tap  to  reaming 
stand  or  vise,  and  finish  tap- 
ping, (6>. 


Machines,  Speeds, 
.  jy  Feeds. 


Engine  lathe   12^   to 

le''.     3d  speed,  or 

200  R.P.M. 
2d  or  3d  speed,  or  40 

F.P.M.       Hand  or 

power  feed. 
1st  or  2d  speed,  or  40 

F.P.M.     Medium 

power  feed  —  80  to 

1'. 
3d  speed,  or  60  F.P.M. 

Fine  power  feed  — 

140  to  1'. 
2d  or  3d  speed,  or  60 

F.P.M. 


Ist  speed,  or  30  F.P.M. 
Hand  feed. 


1st  speed,  or  30  F.P3I. 


Reaming  stand,  or 
vise  and  grooved 
wooden  jaws. 


Toou. 


Independent  chuck, 
chalk. 

Round-nose  tool  or 
holder  and  cutter, 
15^^  rake. 

Boring  tool,  p.  504. 
'  Inside  calipers,  rule. 


3  or  4-groove  high 
speed  steel  twist 
driU  (1.050. 

See  p.  4l0  and  Frin- 
ciplea  of  Machine 
Work, 

Forged  29^  thread 
tool,  or  holder  and 
cutter,  inside  cali- 
pers, rule. 


Without  oil. 


IK  X  6,  29»  thread 
tap  and  tap  wrench, 
lubricate  tap  freely 
with  lard  oil. 


MULTIPLE  THREADS 
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Concluded 


Operations. 


Mount  nut  on  nut  nuindrel 
and  roug^  square,  (6),  one 
or  two  cuts. 


Finish  square,  (e),  one  or  two 
cuts. 

Reverse  nut  and  square  to 
length  to  remove  recess, 
(7),  two  or  three  cuts. 

Rough  turn,  (8),  one  or  two 
cuts. 


Finish    turn,    (8),    one    cut. 
File,  (9). 


Nurl,  (lO),  two  to  four  times. 
See  Machine  Nurling,  p.  630. 


File  comers  slightly  to  remove 
burr,  (11).  (12). 


MA.CHINBB,  SpmSDS, 
FXSDS. 


2d  or  3d  speed,  or  40 
F.P.M. 


3d  or  4th  speed,  or  60 
F.P.M. 

2d  or  3d  speed,  or  60 
F.P.M. 

1st  or  2d  speed,  or  35 
F.P.M.  Medium 
power  feed. 


2d  or  3d  speed,  or  50 
F  J>.M.  4th  speed, 
or  176  F.P.M. 


Ist  or  2d  speed,  or  35 
F.P.M.  Medium 
power  feed  —  80  to 
\\ 

4th  speed,  or  175 
F.P.M. 


Tools. 


IJ^  X  5,  29«  thread 
nut  mandrel,  dog, 
round-nose  tool  or 
holder  and  cutter, 
calipers,  rule. 

Facing  tool,  or  holder 
and  cutter. 

Round-nose  tool,  or 
holder  and  cutter 
and  facing  tool. 

Diamond-point  tool 
or  holder  and  cut- 
ter, 15°  rake,  cali- 
pers, rule. 

Diamond-point  or 
round-nose  tool,  or 
holder  and  cutter, 
calipers,  rule.  8' 
or  lO'  mill  bastard 
file. 

Machine  nurling  tool, 
medium  pitch,  lard 
oil. 

8*  or  10*  mUl  bastard 
file. 


Atterdion,  —  In  the  absence  of  a  tap  the  inside  29^  thread  tool  may 
be  used  to  finish  the  thread  but  the  thread  will  not  be  as  smooth  or 
the  fit  of  screw  and  nut  as  good. 

Note.  —  The  nut  in  Fig.  35  is  nurled  for  convenience  in  handling  as 
a  problem.    For  practical  styles  of  nuts  to  transmit  motion,  see  p.  638. 


MULTIPLE  THREADS 

42.  Multiple-threaded  screws,  such  as  double  and  triple 
threads,  etc.,  in  Square,  29^,  and  other  forms  of  threads,  are 
used  in  cases  where  a  quick  lead  b  required,  but  a  deep 
thread  is  not  desirable. 
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43.    To  cut  double   Square  thread,  Fig.  36,  8  threads  to 
1",  pitch  J', 


HQHT 


Fig.  36.  —  Doxtblb  Squarb  Thread  Screw. 
SCHEDULE  OF  OPERATIONS 


1.  Gear  lathe  to  cut  4  threads 
per  inch.  Fasten  dog.  Mount 
work  on  centers  and  with  thread- 
ing tool  trace  a  line  for  g;oove  1. 

2.  At  end  of  line  center  punch 
and  drill  finishing  hole  A  to  termi- 
nate groove  1.    See  pp.  5l6-6l8. 

3.  Gut  groove  1  to  diameter. 

4.  If  ratio  of  stud  spindle 
and  lathe  spindle  is  1  to  1,  and 
stud  gear  has  an  even  number 
of  teeth,  mark  with  chalk  a  tooth 
on  stud  gear  and  the  correspond- 
ing space  in  idler  gear.  Then 
mark  a  tooth  on  stud  gear  dia- 


metrically opposite,  which  is  de- 
termined by  counting  half  the 
teeth  in  the  stud  g^ar. 

Disengage  idler  gear  from  stud 
gear,  rotate  lathe  spindle  and 
bring  gears  into  mesh  as  indi- 
cated by  chalk  marks  on  the 
teeth  of  the  gears. 

5.  Now,  with  threading  tod 
trace  a  line  for  groove  2  and  on 
this  line  opposite  A,  center  punch 
and  drill  finishing  hole  A'  (not 
shown)  to  terminate  groove  2. 

6.  Cut  groove  2  to  diameter. 


Attention. —  To  cut  a  triple  thread,  the  lathe  spindle  is  rotated  one- 
third  of  a  revolution  to  cut  the  second  thread,  and  another  third  to  cut 
the  third  thread.  If  gear  on  stud  is  not  diviable  by  number  of  threads 
to  be  cut,  select  change  gears  that  have  a  stud  gear  that  is. 

Important. — Special  face  plates  with  multiple  equidistant  slots 
(index  milled)  are  convenient  for  cutting  multiple  threads,  as 
the  tail  of  the  dog  can  be  more  readily  shifted  than  the  gears 
after  each  thread  is  cut. 

44.  Width  and  inclination  of  tool  for  multiple  threads.  — 
The  width  or  shape  of  tools  for  multiple  threads  is  governed  by 
pitch  of  the  screw;  and  the  inclination  by  the  lead  of  the  screw. 

46.  Multiple-thread  taps  are  similar  to  those  for  square  and 
29®  thread  nuts.  See  pp.  6l6,  526,  627.  The  Sharp  V  and  29^ 
forms  of  this  thread  can  be  cut  with  dies. 
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BRASS  FINISHING 


46.  To  turn  brass  in  tbe  eo^ne  lathe. , —  Brass,  also  known 
is  composition,  ranging  in  hardneaa  from  soft  yellow  to  hard 
brass  or  bronze,  is  generally  turned  with  tools  having  little  or 
QO  rake.  High  speeds  and  fine  feeds  are  used  and  the  tools 
must  be  kept  sharp  by  frequent  grinding  to  obtain  the  best  re- 
mits. See  To  Machine  Bronze,  p.  lid.  For  Cutting  Speed,  see 
p.  145. 


Di 


\^ 


47.  The  round-nose  tool,  as  at  A  and  B,  Fig.  37,  is  generally 
used  for  large  brass  work.  It  may  be  used  to  turn  the  diameter 
as  at  C,  the  shoulder,  as  at  D,  and  the  round  comer  or  fillet  as 
at  E,  without  change  of  position  in  the  tool  post. 

48.  Use  front  tool.  Fig.  38,  with  point  A,  B  ground  at 
angle  from  50°  to  60°  for  squaring,  turning,  or  facing,  without 
change,  as  at  C,  D,  and  E.  If  the  work  is  ri^d,  cut  inward 
or  outward;  if  slender,  cut  inward  only.  This  tool  may  be 
ground  to  fit  thread  gage,  and  used  as  a  threading  tool  for 
United  States  Standard  or  Sharp  V  threads. 


K34  ADVANCED  MACHINE  WORK 

AUenHon.  —  As  bronze  and  brass  will  stretch,  it  is  neces 
sary,  when  fitting  a  steel  screw  to  a  bronze  or  brass  nut,  to 
force  the  screw  in  hard  at  first  to  avoid  a  loose  fit. 

Reamed  and  drilled  holes  in  brass  or  bronze  are  usually  smaller 
than  holes  made  with  the  same  tools  in  cost  iron  on  account  of 
the  resilient  and  adhesive  quality  of  these  materials. 

Taps,  dies,  reamers,  and  files  that  are  used  on  steel  or  iron 
may  be  used  on  brass,  but  it  is  best  to  have  separate  tools 
for  such  toob  never  work  as  well  on  brass  after  they  are  use^l 

Brass  in  general  is  machined  dry,  but  to  thread  rolled  bras';, 
as  rod  and  tubing,  with  a  die,  it  is  usually  necessary  to  use 
lard  oil  to  prevent  the  chips  from  clinging  to  the  threads  of  the 
die  and  stripping  the  threads  on  the  work. 

Monel  metal  is  a  natural  nickel-copper  alloy  made  directly 
from  the  ore,  67  per  cent  nickel,  28  per  cent  copper  and  5  per 
cent  of  other  metals. 

It  takes  the  Bame  finish  as  pure  nickel  and  is  used  for  pump 
rods,  valve  stems,  boat  fittings,  dairy  and  tannery  machinen.- 
and  other  purposes  where  strength  and  non-corrodibility  an' 
required.  It  can  be  machined,  forged,  soldered,  brazed  and 
welded  by  the  autogenous  and  electric  processes. 

To  machine,  use  tools  with  25*  to  30°  rake,  dry  or  with  a  lu- 
bricant of  liird  oil,  borax  and  aquadag. 

49.  To  make  brass  binding  poet,  Fig.  39. 


Fio.  39.  —  Schedule  Drawino  or  a  Bimdikq  Pobt, 
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Spedfications:  Material,  composition  or  brass  castings  ^^  laige; 
weight,  10  oz.     Hardness,  10  to  12  (scleroscope). 

True  Kve  center.    Set  dead  center  in  approximate  alinement. 

Carbon-steel  cutting  tools. 

Time :  Study  drawing  and  schedule  in  advance,  10  min.  —  Oil  lathe, 
3  min.  —  Make  post,  38  min.  —  Chuck  and  turn  nuts,  37  min.  — Nurl 
nuts  and  thread  post,  40  min.  —  Assemble,  finish,  polish,  and  lacquer, 
34  min.  —  Clean  lathes,  6  min.  —  Total,  2  h.  48  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operation. 


Machines,  Speeds, 
Feeds. 


File  ends  flat  and  center  to 
Y'  diameter. 


Rough  square,  (1),  («),  (8), 
(4).  Take  as  little  as  pos- 
sible off  1.  See  pp.  533, 
534. 

Recenter  to  y  diameter. 


Finish  square,  (5),  (6),  (7), 
(8). 


Rough  turn  diameters  (0)  and 

(lo)to^'+A^(ll)tol' 

+A^and(la)tol|'+A^ 
two  cuts  each. 

Finish  turn,  (18),  (14),  to  fit 
V  gage  (easy  fit)  or  use  mi- 
crometer, tool  finish,  filing 
not  necessary.  Finish  turn, 
(15),  (16). 

Chamfer  ends  30^  to  depth  of 
thread,  (17),  (18). 

Thread  in  engine  lathe  to  fit 
nuts,  (19),  («0),  or 


Tools. 


Vise,  centering  ma- 
chine, drill,  3500 
RJP.M.,  counter- 
sink, 1700  R.P.M. 

Engine  lathe,  12*  to 
ICr,  4th  or  5th 
speed,  or  90  F.P.M. 
Hand  feed. 

Speed  lathe,  3d  or  4th 
speed. 

Engine  lathe,  4th  or 
5th  speed,  or  150 
F.P.M.   Hand  feed. 


4th  or  5th  speed,  or 
90  F.P.M.  Fine 
power  feed  —  140 
to  v. 

4th  or  5th  speed,  or 
150  F.P.M.  Fine 
power  feed  — 140 
to  1''. 


Hand  feed. 


2d  or  3d  speed,  or  25 
F.P.M.  Arrange 
change  gears  for  24 
threads. 


File,     A'    driU,    60« 
countersink. 


Round-nose  tool  i' 
wide,  (1),  (4), 
front  tool,  (2),  (3), 
calipers,  rule. 

60^  countersink. 


Round-nose  tool,  (5), 
(8),  front  tool, 
(6),  (7),  calipers, 
rule. 

(Copper  under  set 
screw  of  dog,  round- 
nose  tool,  calipers, 
rule. 

Calipers,  rule,  f  man- 
drel, I*  ring  gage,  or 
micrometer. 


Front  tool. 


U.S.F.-threadmg  tool. 


ADVANCED  MACHINE  WORK 


Thread  with  |-X2*U.S.K  die. 
<I8)   <3l».     Stan  ID  latbe. 
Pull  belt  by  band,  and  fini^ 
invii«.     8eep.6«.     If  de- 
■ired.  post  aod  nuta  may  be 
threaded   |' X  16.   United 
States  Standard  thread. 

Round  end  with  fonains  tool, 
By  hand  toot,  (22). 

Speed   lathe - 
12*.    Vac. 

En^M  lathe 

-8*   to 

4th  or 
or   90 

3'    uniTtraal   diiicfc 
|-    X  24    V  fi.t. 
thread  die  aod  die 
stock,   aperial  viae 
jaws.  BeeAut™.^ 
bile     Screws,    pp. 

in.  Su. 
Clamp  Dut,  frOQt  looL 

FormiDg  tool. 

Speed   Uthe, 
5th  ipeed, 
F.P.M. 

4th   or 
or  500 

60.    To  make  brass  nurled  thumb  nuts,  Tig.  4 


Fro.  40.  —  ScHEDOts  Drawing  or  Ncrlbd  Ndto. 
SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operatioks. 

MACHiNEfl.  Speeds, 
Feeds. 

Toou. 

Chuck,  drill,  and  tap  nuts,  (A), 

Speed   lathe,   4th   or 

3-    univenal    ebacb 

(B),  aee  pp.  B4a-Q4!. 

5th  speed,  or  1500 

planiaherorgTatw. 

R.P.M.    Tise. 

P,  or  H' drill.  J« 
1^X2*     US.F. 
thread  tap,  W 

Screw  on  nut  mandrel,  mount 

Engine  latbe.  4th  or 

Dog,  |'X24U.S.^ 

on  centers,   rough   square. 

(C).     Finish  square,  (D). 

150  F.P.M.     Hand 

feed. 

drel,  front  tool. 
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Opsrations. 


Reverse  on  mandrel,  rough 
square,  (E).  Finish  square 
to  thickness,  (F). 


Rough  turn  to  diameter,  1|', 
(G). 


Rough  and  finish  turn  to  di- 
smeter,  (H).  Rough  and 
finish  square  to  thickness, 
(K). 

Square  and  turn  nut  (B)  in 
same  order  as  (A),  except 
leave  diameters  (lO  (M)  i^'' 
large. 

Round  nut  (N)  to  fit  concave 
single  nurl.     See  p.  635. 

Nurl  (P),  also  round  and 
nurl  nut  (B).     See  p.  635. 

Hold  nut  mandrel  in  chuck, 
screw  on  nut  (B),  and  recess 
(R)  to  fit  against  4  on  bind- 
ing post,  Fig.  39. 

Screw  nuts  on  binding  post, 
mount  on  centers  and  hand 
turn,  (S),  (T),  to  correct  di- 
ameter of  post  and  nut  (A). 

File. 


Stamp  name  or  initials  at  end, 
(C).     . 

Polish  and  lacquer  posts  and 
nuts  all  over,  except 
threads  and  nurling.  See 
pp.  4S2,  440. 


Machines,  Speeds, 
Feeds. 


TOOLA. 


Front    tool,    calipers, 
rule. 


Ekigine  latiie,  4th  or     Round-nose  tool,  call- 

5th  speed,  or  90  to  j       pers,  rule. 

160  F.P.M.       Vine  ! 

power     feed  —  140  ' 


tol*. 


Speed  lathe,  4th  or 
5th  speed,  or  500 
F.P.M. 

2d  or  3d  speed  or  300 
F.P.M. 

4th  or  5th  speed,  or 
500  F.P.M. 


Round-nose  tool,  cali- 
pers, rule. 


Planisher. 


Hand  nurling  tool. 

Chuck,  nut  mandrel 
with  thick  collar, 
planisher  or  graver. 


4th   or  5th  speed,  or  ;  Clamp     nut,    round- 
500  F.P.M.  nose  hand  tool. 


3d  or  4th  speed,   or  '  b"  half  round  smooth 
300  F.P.M.  file. 


Place  on  metal  block. 


Highest  speed ,  or  6000 
F.P.M.  See  Prin- 
eijdes  of  Machine 
Work. 


Steel  name  stamp, 
hammer. 

120  and  flour  emery 
cloth,  crocus  cloth 
(an  oxide  of  iron), 
rouge  (a  red  iron 
peroxide),  lacquer, 
brush. 


Attention.  —  The  cutting  speeds  in  schedule  are  for  soft  brass  or 
composition  castings;  but  if  castings  are  hard,  reduce  the  cutting 
speed. 
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ALINKMBKT  DRILLIKG  AlfD   TAPPING 

61.  Fixed  nuts.  Fig.  41,  which  receive  screws  to  trans- 
mit motion  are  made  in  various  forms,  as  bushing  nut  A, 
which  is  threaded  and  forced  into  a  bored  hole  and  used  to 


STOCK—  BRONZE 
OR  MAOHINC  tTEEL 


•TOOK— BRONZE 
OR  IRON  CASTINa 


Fig.  41.  —  Bushing  and  Bracket  Nutb. 

receive  vertical  feed  screw  on  a  milling  machine,  or  bracket  nut 
B,  used  to  receive  cross-slide  screw  on  a  lathe,  or  bracket 
nut  C,  Fig.  42,  for  cross-slide  screw  on  a  milling  machine. 

Bracket  nuts  are  drilled  and  tapped  in  alinement  with 
scraped  slide  and  bearing  of  screw,  and  the  work  may  be  done 
with  a  regular  jig,  or  with  a  part  of  the  machine  itself  used  as 
an  improvised  jig,  as  knee  B,  Fig.  42. 


I EAaeR  BRONZE  OR 
"J?^"  CAIT-IRON 
"  NUT 


SADDLE 

A 


LEFT  HAND 

29*  OR  sa  THa 

TAF 


Fig.  42.  —  Alinement  Drilling    and    Tapping,  Milling    Machinb 
Cross-Feed  Screw  Nut.    Hole  in  Knee  Used  as  a  Jig. 

52.  To  drill  and  tap  cross-feed  screw  nut  in  axial  alinement 
in  milling  machine  saddle  and  knee,  Fig.  42.  Improvised  jig, 
29^  or  Square  thread  tap. 


BRONZE  BUSHING 
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SCHEDULE  OF  OPERATIONS 


Place  saddle  A  on  knee  B.  Fit 
nd  bolt  nut  C  to  saddle  and 
love  close  to  bole  2). 

Gamp  saddle  and  knee  to  angle 
•late  at  vertical  drilling  machine 
r  to  table  of  horizontal  drilling 
Qachine  and  aline  with  spindle. 

In  hole  ly  insert  jig  bushing  E, 
md  drill  nut  with  tap  drill  F. 

Move    saddle    and    nut    away 


from  hole  D,  and  clamp  saddle. 
Remove  bushing,  insert  tap  G, 
and  tap  hole  by  hand.  Three  or 
four  taps  of  increasing  diameters 
are  used. 

Attention,  —  Taps  without  lead- 
ers are  used,  but  taps  with  lead- 
ers,  either  threaded  or  plain,  as 
at  Hf  are  preferred  for  accuracy. 


63.   To  make  bronze  bushing.  Fig.  43. 


Fia.  43.  —  Schedule  Drawing. 

Specifications:   Material,  bronze  casting  iV''  l^ge,  cored;  weight, 
10  oz. 

Hardness,  11  to  14  (scleroscope). 
ffigh-speed  steel,  or  stellite  cutting  tools. 
Time:  1  h.  30  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 

Operations. 


Suae  casting. 

Set  dead  center  in  approximate 

alinement. 
Mount  casting  in  chuck,  true 

lip  and  clamp  firmly. 


Machines,  Speeds, 
Feeds. 


Tools. 


I 


Engine  lathe,   12"  to  | 
16".  I 

3d  speed.  '  Independent   chuck, 

,       chalk. 
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Rough  and  finish  square  end 
(t) ,  two  or  three  cuts. 

Rough  bore  hole  to  lH"t  Ot 
two  or  three  cuts.   See  p.  504. 

Finish  bore  hole  to  1.1825". 
(t),  one  cut. 

Finish  ream  hole  by  hand  with 
hand  reamer  in  lathe  (2). 
See  p.  4 18. 

Oil  mandrel  and  press  lightly 
into  hole  in  direction  reamed. 

True  live  center.  Set  dead  cen- 
ter in  accurate  alinement  (see 
pp.  Il6,  ll7),  using  a  shaft 
same  length  as  mandrel. 

Rough  turn  to  1.503"  +  .010", 
(S),  (SOi  one  or  two  cuts. 


Finish  turn  to  1.503"  +  .003". 

(8).  (•').  one  cut. 
Rough   and  finish   square   to 

length  (4),  three  or  four  cuts. 

Turn  groove  in  center  of  bush- 
ing (5),  two  cuts. 
Chamfer  ends  (1).  (4).  to  45*'. 
File  to  limit  (S).  (S'). 


Drill  oU  holes  (6).  (6'). 


Chip  (or  plane)  oil  grooves  (7), 
(7'). 

Remove  burr  from  hole  by 
running  reamer  through  by 
hand. 


4th  or  5th  speed,  or 
150  F.P.M.  Hand 
feed. 

Medium  power  feed 
— -  80  to  1". 

Fine  power  feed  — 
140  to  1". 


Mandrel  press. 
Engine  lathe. 


4th  or  5th  speed,  or 
150  F.P.M.  Me- 
dium power  feed  — 
80  to  1". 

Fine  power  feed  — 
140  to  1". 

Engine  lathe.  4th  or 
5th  speed,  or  150 
F.P.M.  Hand  feed. 

Fine  power  feed  — 
140  to  1". 

4  th  speed. 


Vise,     copper     jaws. 

Speed  lathe,  4th  or 

5th  speed,  or  1500 

R.P.M. 
Vise,      copper     jaws 

(shaper). 


Holder  and  cutter  no 
rake,  or  front  tool. 

Boring  tool  no  rake, 
inside  calipers, 
rule. 

2"  inside  microm- 
eter (or  calipers 
and  rule). 

1^*^"  hand  reamer, 
reamer  wrench. 

l^s*'  mandrel,  oil. 


Holder  and  cutter  no 
rake,    or    round- 


>" 


mi- 


nose  tool, 
crometer. 


Calipers,  rule. 


Tool  holder  and 
round-nose  cutter. 

8"  or  10"  mUl-bas- 
tard  file,  file  card, 
2"  micrometer. 

Rule,  scriber,  center 
punchy  hammer, 
x^''  straight  fluted 
drill,  V  center. 

Bent  center  chisel, 
hammer  (or  inside 
grooving  tool). 

Half-rou  nd  smoo  t  h 
file. 


DRILLING,  TAPPING,  AND  HAND 
THREADING  IN  SPEED  LATHE 

64.  To  cut  a  conical  cavity 
azially  true,  A,  Fig.  44.  —  HoM 
nut  B  in  chuck  C.  Set  Tee  re^t 
D  to  bring  edge  of  graver  E  at 
height  of  center.  Hold  graver 
down  hard  on  Tee  rest  and  at 
the  same  time  press  it  into  work. 
Oraver  to  Start  Twist  Drill.    If  graver  is  held  firmly,  it  will  pn> 


A' 

Fig. 

v^AVITY 


44.  — Cutting  a  Conical 
AxiALLY     True    with 


DRILLING,  ETC.,  IN  SPEED  LATHE  541 

duce  a  cavity  axially  true,  as  at  A'.     If  the  work  is  brass,  use 
tlie  graver  or  the  corner  of  tlie  planislier. 

55.  To  chuck  with  twist  drill  in  speed  lathe,  Fig.  45.  — 
First  make  a  conical  cavity  in  work  F  true  to  axis  of  rotatioti, 
and  approximately,  to  the  angle  and  diameter  of  drill  {see  A', 
Fig.  44).  Insert  end  of  drill  G  in  drill  holder  H,  as  at  G'  and  H', 
with  conical  end  in  hole  in  floating  center  J.  Fasten  drill  in 
holder  by  rotating  nurled  handle  and  tighten  with  pin  K. 
Place  point  of  drill  in  conical  cavity  in  work  F  and  floating 


Fia.  45.  —  CsucKiNO  with  Tvisi  Drill  iit  Speed  Lathh, 
center  J'  on  center  with  holder  H  on  Tee  rest  L.    With  left  hand 
on  holder,  as  shown,  press  floating  center  J'  against  dead  center 
and  with  the  right  hand  feed  drill  to  cut. 

In  the  absence  of  a  drill  holder,  center  end  of  drill  and  use  a 
(log,  as  &t  M. 

Warning.  —  To  prevent  floating  center  or  drill  from  slipping 
off  dead  center  when  point  breaks  through  the  work,  press  hard 
against  dead  center.     To  neglect  this  often  ruins  drill  and  work. 

AUention.  —  Reamers  and  taps  are  also  held  with  this  drill 
holder.  The  floating  center  provides  a  center  hole  in  alinement 
with  the  point  of  drills,  reamers,  and  taps  that  are  not  centered. 

Information.  —  Small  drills,  as  at  N,  Fig,  45,  may  be  conveniently 
heldforchucking  by  fitting  a  chuck  to  the  footstock  spindle  of  a  speed 
lathe  or  engine  lathe. 

56.  Totapworkin  speed  lathe,  Fig.  46.  See  Tappii^,  Pn'n- 
cij^s  of  Machine  Work,  —  Place  tap  wrench  K  on  tap  L  and 
then  insert  in  hole  in  work  M,  held  in  chuck  N.  Guide  tap  by 
dead  center  0,  allowing  handle  of  wrench  to  bear  on  rest  P. 
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Rotate  work  by  pulling  belt  Q,  or  rotate  cone  R,  and  feed 
footstock  spindle  to  follow  up  tap  with  dead  center.  , 

Attention.  —  Carefully  follow  up  tap  with  dead  center,  aa 
the  tap  will  break  if  it  slips  oflf. 

Important.  —  As  small  taps  break  easily,  it  is  best  only  to 
start  tap  in  the  lathe  and  tiien  finish  at  vise. 


Fia.  48.  — Tappino 


FiO.  47. — Thkbading  Wohk  in  Sfebd  Lathe  with  a  Dra  bt  Hand. 


67.  To  thread  work  held  in  chuck  with  die  and  stock  by 
hand,  Fig.  47.  —  Chamfer  end  of  work  A,  held  in  chuck  B,  as 
at  C,  to  assist  starting  die  centrally.     Remove  dead  center. 
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insert    table  center  D,  place   muzzle   side  of  die    E  against 

work  (see  E')  and  handle  G  on  Tee  rest  H.     Feed  spindle  F 

in  until   D  presses  against  die  stock.     Rotate 

lathe   by  b^d,  following  up  die  with  D  until  — 

thread  is  started.     To  terminate  thread  abruptly 

reverse  die.  \ 

Attention.  —  The  work  must  be  adjusted  in  5 
chuck  to  run  true,  otherwise  die  will  cut  a  crooked  | 
thread.  i 

Warning. — Chamfer  ends  of  work  as  at  C,  Fig. 
47,  before  mounting  in  chuck. 


BROACHinO  HOLES,  EETVATS  AND  SLOTS 
S8.  Machine  broaching  is  a  process  used  in  pro-  I 
ducing  non-circular  boles,  such  as  square,  hex- 
agonal, rectangular  and  irregularly-shaped  holes 
that  have  been  drilled,  cored  or  punched;  also  for 
cutting  Biota,  keyways,  etc.  See  Chart,  Fig.  49. 
For  large  quantities  of  work,  the  broaching  pro- 
cess is  more  economical  than  the  production  of 
such  holes  by  milling,  slotting,  planing,  filing,  etc. 
One  or  more  long  cutters  called  broaches,  as  in 
Fig.  48,  are  drawn  through  a  drilled  or  cored  hole 
in  work  in  a  broaching  machine,  as  in  Fig.  51,  or 
one  or  more  short  broaches  are  forced  or  pushed 
through  in  a  press,  aa  in  Fig.  53.  The  broach  is 
the  same  shape  as  the  cross  section  of  the  desired 
hole.  A  typical  square  machine  broach  is  shown 
in  Fig.  48.  Each  tooth  on  the  tapsred  part  A  is 
from  ,002*  to  .005'  larger  than  the  preceding  tooth 
and  gradually  changes  a  round  hole  to  a  square 
hole.  Part  B  is  straight  and  full  size.  The  broach 
is  fastened  in  the  broach  holder  C  by  key  i>.     The  """ 

threaded  end  E  is  screwed  into  the  end  of  the  driv- 
ing screw  on  machine.    Guide  buahing  F  centers  the  broach. 
A  sectionid  view  of  a  broach  producing  a  square  hole  is  shown 
in  Fig.  50.     The  teeth  are  often  inclined  and  in  opposite  direc- 
tions on  the  sides,  and  may  be  undercut,  as  at  ^i,  to  give  rake  and 


Machine 
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CHART  OF  BROACHED  HOLES  SLOTS  AND  KEVWAYS 
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produce  a  shearing  cut.    Rounded  or  truncated  comeis  should 
be  uaed  whenever  possible  as  sharp  comers  are  liable  to  break. 


Fio.  60. — Showino  How  a  Broach  Cdto. 


A  broaching  machine  (draw-cut  principle)  is  shown  in  Fig. 
51  broaching  six  keyways  in  yoke  A  of  an  automobile  universal 


Fio.  51. — Broaching  Six  Ketwats  in  Yoke  for  Automobile  Uni- 
versal Joint. 

joint  with  one  stroke  of  broach  B.  The  finishfd  hole  is  shown 
in  section  at  C.  The  work  is  held  again^^t  bushing  D  by  the 
pressure  of  the  cut. 
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69.  Preparation  of  holes  for  broaching. — Only  a  small 
amount  of  stock  should  remain  in  holes  to  be  broached.  Cored 
castings  and  drop  f orgings  may  be  broached  successfully.  The 
amount  of  stock  that  the  broach  has  to  remove  is  reduced  by 
drilling  hole  C,  Fig.  50,  larger  than  desired  size  of  broached  hole 
B  which  leaves  sufficient  bearing  for  all  mechanical  purposes. 

Where  keyways  are  to  be  broached  in  the  work,  the  hole  is 
prepared  in  the  regular  way  by  reaming. 

60.  Cutting  speeds  for  broaching.  —  Nickel  steel  18  F.P.M.« 
machine  steel  and  wrought  iron  40  F.P.M.,  cast  iron,  malleable 
iron,  and  brass  108  F.P.M. 

61.  Lubricants  for  broaching. — For  steel,  wrought  and 
malleable  iron  the  broach  and  work  are  lubricated  with  lard  oil 
or  a  good  lubricating  compound.  For  cast  iron  the  sides  of 
broach  may  be  lubricated  with  lard  oil  or  the  broach  may'  be 
flooded  with  a  soap  mixture.  Brass  and  bronze  are  machined 
dry. 

62.  Hand  broaching  or  drifting. — A  plain  broach  or  drift  is 
used  for  bottom  hole,  as  the  socket  or  chuck  screw  wrench  in 

Fig.  52.  The  broach  at  A  smdA,  Fig.  53,  is 
made  of  carbon  steel  with  shank  to  fit  the 
spindle  of  mandrel  press.  It  is  hardened, 
tempered  and  ground  a  little  smaller  at  B  than 
Fig.  52. —Socket  ^*  ^  ^^^  clearance,  and  sharpened  by  grinding 
Wrench.         ^^^  ^'    The  hole  is  prepared   by  drilling 

slightly  larger  than  the  square  and  consider- 
ably deeper,  as  at  £  and  -B',  to  receive  the  chips.  The  socket 
wrench  F  is  held  by  holder  0  and  the  square  broach  is  then 
pressed  into  the  drilled  hole  as  shown  in  Fig.  53.  Small  broaches 
of  this  type  may  be  driven  in  with  a  hammer. 

63.  Improvised  broach  or  drift.  —  For  small  bottom  holes  a 
broach  or  drift  may  be  made  by  grinding  a  chisel  to  a  desired 
shape  and  driving  it  into  a  drilled  hole  with  a  hammer. 

64.  Broaching  circular  holes.  Fig.  54.  —  Broaching  produces 
better  holes  in  bronze  and  brass  than  reaming  and  is  used  on 
some  classes  of  work. 

Broach  A  is  foirced  through  bronze  bushing  B,    Cored  holes 
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Fia.  53.  —  BBOiceiNO  Wrbnch  m  Mandb»l  Paiaa  With  Plain  Broach. 


Pio.  54. — ^BBOACHQia  Hole  in  Bronze  Bushiho.    Bblt  Power  Fobcino 
pREsa. 


548  ADVANCED  MACHINE  WORK 

require  two  or  more  broaches.  Holes  bored  nearly  to  size 
require  but  one.  Broaches  are  made  1/100''  oversize,  then 
hardened  and  ground  to  size.  For  finishing,  hole  is  .002" 
undersize  and  leader  on  broach  must  fit  hole.  Broaches  are 
also  grooved  spirally  with  a  ratchet  thread.  Ratchet  groove 
on  broach  A  is  cut  60^,  making  perpendicular  tooth. 
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SECTION  6 

DRILLING  JIGS    BORING  BARS    ECCENTRIC 

TURNING 

DraUng  Jigs  and  Mttltlple-Spindle  DriUing  ICachines.    Radial  Drilling 

Machines.    Boring,  Boring  Bars  and  Boring  Machines*     Vertical 

Boring  and   Reaming.    Taper   Holes,   Taper  Reamers  and 

Sfrindle     Making.     Magnetic     Chucks.    Steady     and 

Follower  Rests.    Eccentric  Turning.     Nurling. 

DRILLING  JIGS,  AND  MULTIPLE-SPINDLE  DRILLING 

MACHINES 

1.  The  demand  for  machinery  with  interchangeable  parts 

has  compelled  builders  to  design  drilling,  milling  and  planing 
jigs,  gages,  and  templets  to  produce  standard  and  duplicate 
parts  accurately  and  economically.  See  Precision  Methods  of 
Locating  Holes  for  Jigs  and  Accurate  Machine  Parts,  pp.  124S- 
1263. 

2.  Drilling  jigs  are  fixtures  carefully  made  with  hardened 
bushings  to  guide  drills,  reamers,  etc.,  so  that  their  operation 
shall  be  the  same  on  each  piece.  They  may  be  divided  into 
about  five  classes,  and  each  class  is  best  adapted  to  some  par- 
ticular kind  of  work. 

I.  Plate  jigs  are  used  for  flanges,  machine  frames,  etc. 
See  pp.  602,  603. 

II.  Solid  jigs  are  used  for  work  that  can  be  readily  clamped 
to  jig  body.  These  jigs  are  preferred  by  some  for  general 
work.    See  pp.  609,  6lO. 

III.  Box  jigs  are  used  for  general  work.  The  work  is  placed 
in  a  box,  the  hinged  cover  closed  and  fastened  and  the  work 
held  in  place  by  binding  screws.    See  pp.  604, 606. 

IV.  Rotary  jigs  are  for  work  where  the  jig  is  too  heavy  to 
be  easily  turned  over  at  the  drilling  machine.  The  jig  con- 
sists of  a  box  mounted  on  trunnions  to  facilitate  revolution. 

V.  Multiple  jigs  are  for  work  that  is  to  be  index-drilled. 
The  bushings  are  placed  in  a  turret  head. 

3.  An  improvised  jig  or  templet.  —  To  drill  and  ream 
bolt  holes  B,  C,  and  D,  Fig.  1,  equidistant  in  two  or  more 
flanges:  First,  lay  out,  drill,  and  ream  one  flange  carefully. 
Next,  clamp  one  drilled  flange  to  another  in  the  way  they  are 

6oi 


602 


ADVANCED  MACHINE  WORK 


Fig.  1.  —  CoxjPLiNa  Flanqe. 

to  fit,  and  insert  a  plug  or  mandrel  through  centers  A  to 
aline  them.  Drill  and  ream  holes  in  the  other  flange.  Other 
methods  are  to  drill  both  flanges  then  ream  together,  or  drill 
and  ream  in  pairs. 

4.  Plate  (flange)  drilling  jig,  Fig.  2,  is  a  cast-iron  disk  E 
supplied  with  a  plug  FO  to  aline  flange  and  jig,  a  hardened 


Fig.  2.  —  Flange  Drilling  Jig.  (Plate  Jig.) 

steel  drill  bushing  H  and  reamer  bushing  J.  Plug  T  is  for 
alining  drill  and  jig  and  plug  W  to  prevent  relative  movement 
of  flange  and  jig. 
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ft.  To  use  flange  jig.  Fig.  3. —  Place  flange  K  on  parallel 
pieces  L  and  M,  with  jig  N  on  top  of  flange;  clamp  lightly  by 
strap  P,  block  Q,  and  bolt  R  to  table  5.  Aline  jig  and 
drill  spindle  with  plug  T,  Fig.  2,  moving  work  by  rapping 
with  a  soft  hammer  until  the  plug  will  enter  bushing  exactly 
central;  clamp  firmly.     Drill  hole  with  reamerdrill  (7.    Subati- 


FiQ.  3.  —  Dbillinq  and  Rbamino  with  Flanob  Jig. 

tute  reamer  bushing  J'  for  drilling  bushing  H',  and  ream  with 
fluted  reamer  V,  Place  plug  If,  Fig.  2,  in  first  hole  to  keep 
jig  and  flange  In  alinement  as  at  W,  Fig.  3,  while  drilling 
and  reaming  second  and  third  holes.  Keverse  jig  to  drill  the 
second  flange. 

6.  Drilling  and  tapping  engine  cylinder  heads.  —  When 
two  pieces  of  work  are  to  be  clamped  together  with  cap  screws 
or  stud  bolts,  as  a  cylinder  and  cylinder  head,  two  removable 
bushings  are  required  for  the  jig;  the  first  with  body  drill 
holes  for  the  head,  the  second  with  tap  drill  holes  for  the 
cylinder.  To  tap  the  holes  by  hand,  a  tap  bushing  is  some- 
times used  to  guide  the  tap.  See  Automatic  Tapping  Attach- 
ment, Fig.  6. 

7.  Hnltiple-«pindle  drilling  machines  are  used  to  save  time 
in  changing  drills,  reamers,  and  counterbores,  in  moving  work 
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from  one  machine  to  another,  as  is  necessary  with  a  one-spin- 
dle drilling  machuie.  One  spindle  holds  a.  tap  drill,  another  a 
body  drill,  another  a  counterbore,  etc.,  all  running,  and  the  work 
is  moved  along  the  table  from  one  spindle  to  another  without 
stopping  the  machine.     See  Figs.  4  and  8. 

8.  Box  jigs  are  used  to  further  increase  the  rapidity  and 
accuracy  of  drilling,  reaming,  tapping,  and  counterboring. 

The  work  is  locked  in  a  box  provided  with  accurately 
machined  bearings  to  rest  on  the  drilling  table.  The  jigs  are 
made  heavy  and  are  held  in  position  by  their  own  weight,  thus 
saving  the  time  that  would  be  consumed  in  clamping  and 
alining. 

9.  To  drill  and  ream  bolt  boles  ia  coupling  flange  vitti  a 
box  jig  and  a  two-spindle  high-speed  drilling  machine,  Fig.  4. 


Fta.  4.  —  Driluno  a 
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SCHEDULE  OF  OPERATIONS 


}}'  High-flpeed  steel  drill, 
600  R.P.M. 
Time,  6  min. 


I'  High-flpeed  steel  reamer, 
4iX)  R.P.M. 


L  Plaoe  box  jig  A  on  table. 
Insert  drill  B  and  reamer  C,  C  in 
spiodks. 

Locate  heads  D  and  E  on  col- 
umn and  clamp  stops  F  and  G  on 
spindles  to  limit  travel  of  drill  and 
reamer  as  tested  by  passing  drill 
and  reamer  through  bushing  into 
empty  jig,  or  test  drill  and  reamer 
by  lines  placed  on  outside  of  jig 
which  indicate  position  of  bush- 

ingi. 

Place  flange  H  in  jig  with  hub  up, 
andsecure  with  button  /  andscrew 
K,   Start  machine  by  shipper  I<. 


2.  With  left  hand  move  jig 
to  aline  drill  bushings  with  drill. 
Use  lever  feed  M  and  drill  three 
holes. 

3.  Turn  jig  over  as  shown, 
dotted,  at  A'. 

4.  Ream  the  holes,  using  lever 
feed  JV.  P  shows  position  of 
flange  as  it  is  reamed,  and  Q  shows 
two  flanges  bolted  together. 

AUerdion,  —  Stop  G  must  check 
reamer  before  it  strikes  drill  bush- 
ing or  reamer  and  bushing  will 
be  spoiled. 


Important.  — A  reamer  tapered  at  the  end  has  a  tendency  to  follow 
the  drilled  hole.  Jig  reamers  are  beveled  at  the  point,  as  at  C\  Fig. 
4,  to  correct  the  error  of  the  hole  when  used  in  a  jig,  see  F,  p.  820. 

Note.  —  Before  placing  jig  on  table,  and  before  turning 
jig  over,  brush  oflF  table. 

To  prevent  abrasion  of  bushings,  drill,  and  reamer,  apply  a 
little  oil  with  finger  to  upper  part  of  drill  and  reamer. 

10.  Box  jig  for  pieces  to  be  drilled^  reamedi  and  tapped 
in  different  directions.  Fig.  5. 

SCHEDULE  OF  PARTS 


A  —  Box  jig  for  pieces  to  be 
drilled,  reamed,  and  tapped  in 
diflerent  directions. 

B  —  Duplicate  of  work  held  in 

C  —  Cover  held  in  place  by 
thumb  nut  D. 

J&  and  ^'  —  Two  of  the  binding 
screws  for  adjusting  work  in  jig. 


F  —  Table. 

G  —  Hole  in  piece  B  that  is 
being  drilled  in  the  duplicate. 

H  —  Drilling  bushing. 

K  —  Reaming  bushing  put  in 
position  after  drilling. 

L  —  Drill  ^''  small  to  allow 
for  reaming. 
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FiQ.  5.  —  A  Box  JiQ  FOR  Drilunq,  Reaionq,  and  Tapping  in 

Different  Directions. 


RADIAL   DRILLING   MACHINES 

11.  Radial  drilling  machines,  commonly  called  radial  drills, 
differ  from  vertical  drilling  machines  in  that  the  drill  is 
moved  to  aline  with  the  work,  which  is  more  convenient  for 
large  work,  such  as  machine  frames,  that  cannot  be  moved 
easily. 

A  plain  radial  drilling  machine  can  be  used  only  for  vertical 
drilling,  while  a  universal  radial  drilling  machine  may  be  u-^^o 
not  only  for  vertical  drilling  but  may  be  adjusted,  also,  to 
drill  at  almost  any  angle  and  used  with  hand  or  power  feed. 


RADIAL  DRILLING  UACHINB8 
12.  Plain  radial  drilling  macbine,  Fig.  6. 


t07 


Fia,  6.  —  Drilukq,  Autouatic  Tapping,  and  Stud  Settinq. 
SCHEDULE  OF  PARTS 


A — Radial  arm;  may  be 
swung  around  column  by  hand, 
and  raiaed  up  or  down  by  power, 

B  —  Column, 

C  —  Spindle  head;  may  be 
moved  back  and  forth  on  arm  A. 

D — Spindle;  may  be  moved  up 
and  down  in  head  C  by  hand. 


E  —  Lever  for  quick  move- 
ment nf  spindle  D. 

F  —  Hand  wheel  for  slow 
movement  of  spindle. 

G  —  Knob  operating  clutch 
throwing  "  in  "  or  "  out "  power 
feed, 

U — Drilling  table  f  orli^t  work. 

K — Ra-ie  table  for  heavy  woit 
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13.  Automatic  tapping  attachment,  friction  drive  is  shown 
at  1,  Fig.  6,  fitted  to  the  spindle  of  a  radial  drilling  machine 
for  drilling,  tapping,  and  setting  studs  in  an  engine  cylinder 
2,  without  stopping  or  reversing  the  drill  spindle.  Socket  3 
holding  tap  drill  4  is  used  to  drill  the  hole,  and  is  followed  by 
tap  5  in  tap  socket  6,  which  in  turn  is  replaced  by  stud  socket 
7  that  sets  stud  8  in  place.  Shell  9  holds  reversing  mechanism 
and  is  kept  from  revolving  by  rod  10  resting  against  rod  11. 
The  attachment  holds  drill  sockets  and  will  drill  holes  in  the 
regular  way.  To  tap,  press  spindle  D  downward  by  hand  lever 
E  until  the  tap  reaches  the  bottom  of  the  hole  as  indicated 
by  the  slip  of  the  friction  drive,  then  raise  handle  E,  which 
throws  in  the  reversing  mechanism  and  backs  out  the  tap. 
After  setting  stud  8,  raise  handle  E  to  back  oS  bolder  13, 
leaving  stud  8  in  cylinder  2.    See  Principles  of  Machine  Work. 

With  some  stud  holders,  stud  8  is  released  by  rapping  pin  12 
lightly  with  a  hammer  before  reversing  the  holder;  on  others, 
the  release  of  stud  is  obtained  by  a  stud  nut  which  operates 
on  the  principle  that  the  coarser  threads  of  the  holder,  when 
reversed,  will  release  the  finer  threads  of  the  stud.  The  cyl- 
inder is  clamped  to  base  table  K  at  14. 

Attention,  —  The  studs  may  be  set  to  project  to  any  uniform 
height  by  using  a  gage  block  between  stud  holder  and  cylinder. 

Note.  —  Cap  screws,  nuts,  and  slotted  screws  may  be  set  in 
like  manner  by  using  special  wrenches  and  screw  drivers. 

14.  Jig  vise.  —  In  the  absence  of  a  regular  jig,  duplicate 
work  of  certain  classes  may  be  done  with  the  aid  of  a  jig  vise 
as  in  Fig.  7.  To  use  this  vise  lay  out  and  drill  one  piece 
and  use  it  as  a  gage  by  which  to  set  the  stop  and  jig  plate. 
Vise  A  is  heavy  and  rests  without  clamping  on  table  B  of 
drilling  machine  (7.  Work  D  is  set  against  adjusting  stop  E 
and  clamped  by  setting  up  sliding  jaw  F  with  lever  G.  Jig 
plate  H  carrying  removable  bushing  K  is  then  adjusted  to 
the  desired  position  for  the  hole  and  clamped  to  fixed  jaw 


RADIAL  DRILLING  MACHINES 


of  vise.  A  radial  drilUag  machine  being  used,  spindle  L  and 
drill  M  may  be  moved  to  suit  the  poaition  of  work,  Cylin- 
dricst  distance  g^e  N ,  cut  to  its  center,  is  sometimes  used  to 
set  the  center  of  the  hole  in  the  jig  a  ^ven  distance  from  the 
Sxed  jaw. 


Fia.  7.  —  DRiLUNa  with  Jia  Visa. 


15.  To  drill  and  counterbore  duplicate  parts.  —  In  Fig.  8, 
a  multiple-spindle  drilling  machine  is  arranged  to  drill  and  spot 
face  casting,  as  A,  A'  held  by  jig  B.  Insert  drill  C  in  spindle  D 
and  drill  a  hole  until  arrested  by  stop  E.  A  smaller  drill  in 
spindle  F  finishes  the  hole  as  shown  in  section  at  F'.  The 
jig  is  turned  over  and  drill  Q  used  to  drill  the  holes  in  lugs 
H  and  H'  through  bushing  K  and  K'.    Counterbore  L  is 
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fitted  to  Hpindle  M  for  spot  facing  luga  H  and  H'  for 
screw  or  bolt  heads.  Fixture  JV  of  the  jig  is  used  to  clamp 
rod  of  the  other  half  of  the  strap  while  it  is  baag  drilled. 


Fi<3>  S.  —  Driluno  and  Countebborino  Duplicate  Fabtb. 


BORING,  BORING  BARS  AND  BORING  MACHINES 

16.  To  bore  a  cylinder  or  holes  in  frame  of  machine  when 
it  is  not  practicable  to  use  drill  or  boring  tool,  a  boring  bai 
and  cutter  is  used. 

17.  Three  types  of  boring  bars  are  the  fixed  cutter.  Fig.  9, 
traveling  head,  Figs.  11  and  12,  and  sliding  bar,  Figs.  15,  17. 

18.  Fixed  cutter  ^e  of  boring  bar  botinc  cylinder,  Figs. 
9,10. 


BORINQ  BABS 


lorii^  bar  A  is  mounted  on 
[era  of  an  engine  lathe  to  bore 


SCHEDULE  OF  PARTS 


B.  10.  —  BORINO  Bae  CnrxEBS. 

linder  B.  Double-end  h^h- 
eed  finishing  cutter  C,  detail  C, 
%.  10,  is  used.  Bar  is  filed  at 
,  ly,  Rg.  9,  and  cutter  at  B, 


E',  Fig.  10,  to  set  cutter  true. 
Cutter  is  fastened  by  key  F, 
turned  on  top  and  face,  clear- 
ance filed  as  at  G,  G',  T\%.  10, 
hardened  and  tempered.  The 
bore  is  first  roi^hed  out  with 
double-end  cutters  to  within  ^^" 
or  ^"  of  size  or  with  a  single-end 
roi^hing  cutter  H,  Fig.  10,  cut- 
ting point  at  /. 

Si^e-end  cutters  of  high-speed 
steel,  I^g.  13,  of  round  stock,  for 
roughing  and  finishing,  fastened 
by  set  screw  and  adjustable,  are 
often  used.  The  cylinder  is  set 
on  parallels  J,  J'  and  clamped  to 
carriage^. 

A  suitable  speed  and  feed  are 
used. 


Information.  —  Cylinders  are  set  true  with  bar  by  using 
iside  capers  to  teat  work  and  bar  at  either  end,  or  by 
isteniog  piece  of  wire  in  head  in  place  of  one  of  cutters  and 
jvolvjng  bar,  testing  cylinder  at  both  ends  and  adjusting, 
rhen  set  true,  cylinder  is  securely  fastened.  The  screws  may 
>e  slacked  slightly  for  finishing  cut. 


Sl2  ADVANCED  MACHINE  WORK 

19.  Continuous  finislung  cut  —  The  machine  should  not 
be  stopped  during  finishing  cut  as  change  in  size  of  work 
by  expaosion  and  contraction 
caused  by  heat  generated  by  cut, 
combined  with  spring  of  bar  will 
make  a  ridge  wherever  cutter  is 
stopped  and  a  second  cut  may  be 


20.  Boring  heads. — For  hole^ 
too  large  for  boring  bar,  borine 
heads  of  diiTerent  sizes  with 
adjustable  multiple  cutters  .1, : 

-Bow-vo  Head  with   g    r    Fig.  11,  are  used. 

21.  Traveling  head  ^e  bar- 1 
ing  bar  boring  cylinder,  Figs.  12,  13. 


TRAVELING-HEAD  BORING  BAR 


a 


Fia.  13-  —  CDTTEB3  FOR  Traveung-Hkad  BoBwa  Bar. 


SCHEDULE  OF  PARTS 


Boring  bar  A  is  mounted  on 
centers  to  bore  cylinder  B. 

Traveling  head  C  carries  cut- 
ters as  at  D.  Head  is  fed  along 
bar  by  feed  screw  E  operated  by 
gears  F  meshing  with  stationary 
gear  G  fast  to  dead  center. 


Several  cutters  may  be  used, 
held  by  set  screws  H.  Roi^hing 
and  finishing  cutters  are  shown 
at  K,  L,  Fig.  13. 

Special  fixtures  M,  M'  for  hold- 
ing cylinder,  are  bolted  to  lathe 
bed. 


See  Heavy  Duty  Boring,  Facing  and  Turning,  p.  1439. 

22.  Portable  boring  machines  are  obtainable  for  use  when 
it  is  more  convenient  to  take  machine  to  work;  and  for  re- 
boring  large  cylinders,  and  work  of  that  clasB,  in  place. 


Fw.  14.  — To  Face  j, 


D  TmiN  CyiixDER  Ends  o 
Mandrel. 
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23.  Radial  facing  or  turning  ends  of  cylinders. —Aftei 
boring,  small  cylinders  are  sometimes  placed  on  built-u; 
mandrels  mounted  on  lathe  centers,  as  at  A,  Fig.  14,  and  tht 
ends  squared  with  lathe  tools.  Mandrel  consists  of  shaft  B 
two  large  collars  C  and  C  which  are  fastened  by  screws  L 
and  Z>'.  Collars  are  turned  slightly  taper  to  fit  counterbord 
portions  E  and  E'  of  cylinder. 


Fio.  15.  —  Facino  Labob  CruNDEB. 


A  facing  arm  may  be  clamped  upon  an  ordinary  borin(, 
bar  for  facing  cylinders. 

A  compound  rest,  or  any  shde  that  will  carry  a  cutter,  JDSJ 
be  clamped  to  lathe  face  plate  and  operated  by  hand  or  sttf 
feed. 

24.  Radial  facing  aim  with  star  feed,  Fig.  16. 


FACING  LARGE  CYLINDER 
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SCHEDULE  OF  OPERATIONS 


Radial   facing  arm  A  is  at- 
tached to  noae  of  spindle  of  bor- 
ing machine. 
Cylinder  B  clamped  to  table  C  is 


bored  with  sliding  bar  D,  sliding 
in  headstock  spindle  E, 

Tool  block  F  carries  tool  holder 
0  and  cutter  H. 


Feed  is  obtained  by  star  wheel  K  striking  pin  L  on  bracket 
^f  at  each  revolution  of  radial  facing  arm.  To  feed  ia  oppo- 
site direction,  pin  U  is  used.  To  turn  outside  of  flange,  as 
at  N,  tool  block  is  set  parallel  to  bar,  and  feed  obtained  by 
wheel  P  and  pin  Q.    Cylinder  is  clamped  as  at  A  and  S. 

As  a  time  saver,  a  similar  radial  facing  arm  is  sometimes 
used  on  opposite  end  and  both  ends  faced  and  cylinder  bored 
simultaneously. 

26.  Drilling,  reaming  and  counterboring  in  horizontal  bor- 
ing machinesi  Fig.  16.      Bracket  casting  A,  is  faced  and 


TWIST  DRILL 
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PLOATINO  REAMER 
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PiQ.  iQ,  —  Dbilung,  Reaming   and  Countbrboring  in   Horizontal 

Boring  MAcmNE. 


bolted  to  angle  plate  B.  If  casting  A  is  solid,  the  hole  is 
drilled  with  two-groove  twist  drill;  if  cored,  with  three-  or 
four-groove  twist  drill  C,  reamed  with  floating  reamer  D,  and 
faced  to  length  with  counterbore  E»  The  floating  reamer  has 
side  or  floating  movement  and  will  produce  a  true  hole. 
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26.  Sliding  bar  ^pe  boring  bar,  Fig.  17. 


-AUNXIiBNT  AND  PARALLEL  BotUHQ  AKD  ReAMINO. 
HOBIZONTAL  BORINQ  MACHINE. 


SCHEDULE  OF  PARTS 
Parallel  Boring    Alinement  Boring  and  ReamJog 


Frame  casting  A  is  bolted  to 
table  of  horizontal  boring  ma- 
clune.  Cored  holes  B,  B'  and 
C,  C,  are  bored  and  reamed  par- 
allel to  each  other. 

Circles  are  described  about 
holes.  Boring  bar  D  held  in 
sliding  spindle  E,  is  supported  in 
bushing  F'  in  yoke  G. 

Holes  are  rough  and  finish 
bored  with  cutter  H,  and  line- 


reamed  with  shell  reamers  sup 
ported  on  bar  K.  Bar  is  held  by 
key  L  and  drawn  in  direction  d 
arrows. 

Holes  C,  C,  aro  bwed  m 
reamed  exact  distauce  froin  ^ 
and  B'  by  raising  bed  requirM 
number  of  thousandths  as  iadi- 
cated  by  dial  graduated  to  read 
to  one-thousandth  of  an  int^- 


See  Horizontal  Boring  Machine,  p.  1439. 


VERTICAL  BORING  AND  REAMING 
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VERTICAL  BORING  AND  REAMING 

27.  Vertical  drilling  machinesi  radial  drilling  machines 
and  vertical  boring  mills  are  used  for  vertical  boring  and  ream- 
ing holes  in  alinement  in 

I     ^     I       VERTICAL 
I     H     I        DRILLING 

FEED  SCREW  F« 


MACHINE 
SPINDLE 


TAPER  TORINO 
HEAD 

A 


frames  of  machines,  small 

cylinders,  etc.     Holes  are 

cored  nearly  to  size  then 

bored  with  boring  bars  and 

reamed  with  special  or  shell 

reamers.     The  boring  bar 

has  taper  shank  to  fit  slid-   feed  wheel  G 

ing  spindle  of  machine,  and 

lower  end  is  straight  to  run 

in  guide  bushing  fitted  to 

hole    in    table    or    base. 

Work  may  be  held  in  jigs, 

fixtures,     or    clamped    to 

table  or  base  of  machine. 

28.  SheU  reamers  are 
hollow  reamer  heads  fitted 
to  an  arbor.  One  arbor 
can  be  used  for  a  number 
of  sizes.  They  are  obtain- 
able tc  5"  diameter,  fluted, 
tose  and  adjustable,  with 
straight  or  spiral  teeth,  and 
are  much  used  in  chucking  ^'°-  ^^- "  ^*''''''°  '^*™''  H^"^" 
lathes,  horizontal  and  vertical  boring  machines,  boring  mills, 
etc. 

29.  Boring  taper  holes  with  boring  bar,  Fig.  18. 


SCHEDULE  OF  PARTS 


Taper  hole  in  milling  machine 
frame  is  bored  with  taper  boring 
head  A,  Holes  B  and  C  are  first 
bored  straight.    Hole  B  is  then 


step  bored.  Slide  D  carries  cut- 
ter Ef  which  is  fed  downward  by 
star-feed  mechanism  F,  G,  H. 


6lS 
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30.  Boring  taper  boles  with  boring  bar  in  lathe.  —  Large 
cored  work  may  be  bored  taper  by  clamping  to  lathe  carriage 
or  in  steady  rest,  and  bored  with  traveling  head  boring  bar. 
A  special  center  is  clamped  to  face  plate  a  calculated  distance 
from  line  of  centers.  Bar  is  mounted  on  special  live  center 
and  dead  center.  One  cutter  is  used.  In  principle  this 
method  is  similar  to  taper  boring  head. 

31.  Hand  alinement  reaming  with  shell  reamer,  Fig.  I'i. 


Fio.  19.  —  Hand  Alinement  Reauimq. 


SCHEDULE  OF  OPERATIONS 


1.  —  Bore    taper   hole  A    and 
straight  hole  B  in  alinement. 

2.  —  Place  bushing  C  in  lower 
hole  to  aline  reamer  bar  D. 

3. —  Ream  taper  hole  A  with 


reamer  E  then  remove   both  (' 
and£. 

4.  —  Place  taper  bushing  F  ir 
hole  A  and  reamer  G  on  bar,  ani 
ream  hole  B. 


.  Power  alinement  reaming  with  jig,  Fig.  20. 


SCHEDULE  OF  OPERATIONS 


1.  —  Place  frame  casting  A  in 
jig  B  and  drill  holes  C  and  C. 

2.— Bring  reamer  bar  D  and 
shell  reamer  E  down  part  way. 

3.. —  Place  shell  reamer  E'  and 


its  driving  collar  F  in  position 
and  adjust  bushings  G  and  G'  tj 
keep  reamer  bar  in  ahnement. 
4.  ~~  Ream  both  holes  at  once. 


POWER  AUNEMENT  REAMING 


Fio.  20.  —  Power  Auneuekt  Rbaminh. 


TAPER   HOLES,   TAPER   REAMERS  AND   SPINDLE   MAKING 

33.  Small  taper  holes  are  made  by  drillini;  a  straight  hole 
Blightly  smaller  thaa  diameter  of  small  end,  then  reaming  with 
roughing  and  finishing  taper  reamers.  Large  taper  holes  are 
made  by  boring  and  reaming,  or  boring  without  reaming. 


Fio.  21, — Taper  Rkamehs. 
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34.  Taper  reamers  A  and  B,  Fig.  21,  obtainable  in  Morsel 
and  Brown  &  Sharpe  tapers  and  also  in  special  tapers  fori 
spindles,  sockets  and  collets.  Fig.  22.  is  a  stepped-roughing 
reamer  for  large  holes. 


SECTION 


MILLING  MACHINE 
SPINDLE 


Fig.  22.  —  Stepped  Roughinq  Taper  Rsaher. 


36.  Stepping  work  for  taper  holes.  —  Above  2"  at  small 
end,  taper  holes  are  stepped  with  drill  or  boring  tools  to  re- 
move stock,  as  in  Fig.  23,  or  bored  with  taper  boring  head. 


Fig.  23. — Step-Bomno  for  Taper  Holes. 

86.  Boring  taper  holes.  —  Instead  of  stepping  hole,  it  may 
be  bored  to  required  taper  with  taper  attachment  or  compound 
rest  and  may  or  may  not  be  reamed. 


TAPER  PLUGS  AND  RING  GAGES 
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37.  Taper  plug  and  ring  gages  are  used  for  standardizing 
taper  holes  and  shanks,  diameters  and  lengths.  See  Morse 
tapers,  pp.  233,  234,  Brown  &  Sharpe  tapers,  pp.  233,  235. 
Spindle  A,  Fig.  24,  is  reamed  until  line  B  of  gage  C  is  even 
with  end. 


c 


MILUNQ  MACHINE  SPINDLE 

A 


Fig.  24.  —  Taper  Plug  Gage. 

Shank  1,  Fig.  25,  of  arbor  2,  is  filed  or  ground  to  fit  gage  3 
until  end  is  even  with  end  of  gage  at  4.  The  flat  portion  at  5 
is  the  gage  for  milled  tang.  Line  6  gives  reamer  depth;  line 
7,  plug  depth.    The  gage  is  adjustable  to  compensate  for  wear. 


MILLING  MACHINE  ARBOR  2 


taper  shank 

Fig.  25.  —  Taper  Ring  Gage. 


38.  Stub  mandrel,  Fig.  26,  is  used  for  spindles  and  drill 
sockets  which  have  to  be  turned  after  taper  hole  is  reamed. 
The  body  is  accurately  ground  to  fit  taper  hole  in  spindle  B. 


^ 


Fig.  26.  —  Stub  Mandbel  for  Taper  Work  in  Spindle  or  Socket. 
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39.  To  make  small  lathe  spindle,  Fig.  27. 


I 


Fia.  27.  —  Chdcbinq  Spi 

Specifications:    Material,  crucible  Bteel  spindle  fot^Qg  i" 

to  i"  large.  I 

Machines  and  tools :  Engine  lathe,  holder  and  cutter,  cali-  i 
pers,  rule,  micrometer,  steady  rest,  drills,  roughing  and  finish- 
ing taper  reamers,  proof  bar,  test  indicator,  center  scraper, 
stub  mandrel,  spring  dog,  threading  tool,  universal  grindini 
machine.  j 

SCHEDULE  OF  OPERATIONS  I 

I.  Preparing  blank.  Cetitcr, 
square  to  length,  roi^h  turn  all 
diameters  ,'n"  Ifl-i'Se,  turn  and  file 
spot  on  nose-end  of  spindle  for 
steady  rest. 

n.  Mounting  in  stead?  rest. 
Clamp  steady  rest  A,  Fig.  27,  to 
lathe  bed.  Mount  spindle  D  on 
centers  and  adjust  jaws  CCC  to 
spot,  fasten  sprii^  dog  D  to  face 
plate  and  secure  dog  E  (or  tie  dog 
to  face  plate  with  belt  lacing)  to 
hold  spindle  on  live  center. 
Move  dead  center  away  from 
work. 

m.  Drilling  and  reamine  hole. 


Drill  hole  in  spindle  B  proper  aw. 
deeper  than  required  depth  of 
reamer  hole,  power  ream  «"itli 
roughii^  taper  reamer  F.  Hami 
ream  taper  hole  carefuUy  at  A-ise 
with  finishing  reamer. 

IV.  Testing  truth  of  h(de  with 
proof  bar  and  indicator.  Flaw 
tapered  end  of  proof  bar  H  in 
spindle  and  mount  on  centers,  a; 
in  Fig.  28.  Adjust  feeler  K  of 
i  ndicator  to  proof  bar,  rotate  epiu- 
die  by  hand  and  determine  error 

V.  Correcting  error.  RemoiT 
spindle  from  lathe  and  scrapr 
center  hole  on  aide  where  spindle  is 


SPI^fDLE  MAKING 
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moat  eccentric,  with  center 
scraper.  Test  again.  Repeat 
process  until  error  is  less  than 
.001". 

VI.  Moont  opposite  end  of  spln> 
die  in  steady  rest.  Insert  stub 
mandrel,  aa  in  Fig.  26,  reverse 
spindle  in  lathe,  turn  and  file  spot 
on  spindle  near  dead  center  for 
steady  rest.  Adjust  steady  rest 
to  spot  and  secure  work  on  live 
center. 

vn.  Drill  boU  thIOl^ll  spindla. 
Drill  hole  through  spindle  to  meet 


hole  in  opposit«  end.  Center  and 
fit  plug  to  hole. 

vnL  Test  Again  use  proof 
bar.  Mount  on  centers,  test  and 
correct  as  in  V. 

IS.  Finish  bearings.  Plac:) 
stub  mandrel  again  in  taper  hole. 
Mount  on  centers,  turn  and  grind 
all  bearings,  and  thread  nose  of 
spindle. 

AUenlion.  —  Solid  spindles  are 
slotted  at  end  of  taper  hole  to 
allow  use  of  center  key  to  force 
out  arbor  or  center. 


Fio.  28.  —  Tbstino  Spikdlh. 


Flo.  29  ^F&ciNa  FtBtOM  Ring.    Held  i 
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49.  To  make  large  spindles,  first  turn  and  fit  all  bearings, 
then  mount  in  its  own  bearings  and  drill  straight  hole  through 
it.  Bore  taper  hole  in  end,  either  with  taper  attachment  or 
compound  rest,  finish  with  hand  reamer. 

MAGNETIC  CHUCKS 

41.  Magnetic  chucks  are  used  to  hold  accurately  by  maf:- 
netic  attraction  thin  work  to  be  finished,  as  iron  or  steel  disk>, 
rings  and  parallels.  These  chucks  are  best  adapted  for  surfan* 
and  cylindrical  grinding  machines,  but  may  be  applied  to  any 
machine  tool.    See  pp.  802-804. 

Note,  —  Magnetic  chucks  always  require  direct  current. 

42.  Lathe  magnetic  chuck,  Fig.  29,  shows  magnetic  rotar} 
chuck  A,  apphed  to  an  engine  lathe.  Projecting  from  l>ack  of 
chuck  shell  are  two  insulated  brass,  or  copper,  contact  rings 
(not  shown)  to  connect  a  direct  current  circuit  w^ith  the  coils  of 
the  electro-magnet  system  in  the  rotating  chuck.  Bracket  B 
is  fastened  to  headstock  of  lathe  and  carries  at  one  end  filxr 
collars  C  and  brushes  D,  which  bear  against  contact  rings. 
Bracket  B  is  also  fastened  to  switch  E  which  is  opened  an<l 
closed  by  handle  F.  The  switch  is  connected  at  one  end  t(» 
brushes  and  at  other  end  to  supply  wire  (?.  The  chuck  is  sujv 
plied  with  detachable  face  plate  H,  This  face  plate  is  made  up 
of  magnetic  poles  JJ  and  JV,  adjacent  segments  being  of 
opposite  polarity.  The  spaces  between  the  poles  are  filled  up 
])y  non-magnetic  metal  to  ^ve  a  continuous  even  surface.  The 
arrangement  of  these  magnetic  poles  may  be  varied  for  diflferent 
classes  of  work  and  to  acconunodate  the  exciting  coils  within 
the  chuck. 

In  Fig.  29,  edge  of  piston  ring  K,  is  being  faced  with  tool 
L.  The  piston  ring  is  turned  inside  and  outside  and  finished 
on  one  side  in  usual  way,  then  cut  off  a  little  oversize. 

The  finished  side  is  held  against  magnetic  chuck  and  handle 
F  swung  downward  closing  circuit,  as  in  full  lines,  and  the 
rough  side  faced  smooth  to  size  and  perfectly  parallel.  To 
release  ring,  handle  F  is  swung  upward  breaking  circuit  as 
dotted  at  F\  To  avoid  slipping  under  heavy  cut,  stops, 
M,  M,  Mf  M,  are  placed  against  ring. 
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43.  Magnetic  pUner  chuck, —  Fig.  30  is  used  to  hold 
work  to  be  Bnisbcd  in  iron  or  st«el  by  magm>tic  contact. 
It  ia  adapted  to  thin  work  that  cannot  be  accurately  held  by 
other  methods. 


Fia.  30.  —  HoLDiNO  Planer  Work, 

Magnetic  chuck  A  is  clamped  to  planer  table  and  arranged 
to  hold  pieces  B.  The  pieces  are  separated  about  -^a"  by 
non-m^net!c  material,  as  brass,  wood  or  fiber,  otherwise 
holding  action  will  be  weakened.  The  direct  current  is  sup- 
plied by  wire  C,  and  switch  D  is  closed  to  grip  work  and 
opened  to  release  it.  Lamp  E  indicates  whether  current  is  on 
or  off. 

44.  To  demagnetize  work,  Fig.  31.  —  Hardened  steel  and, 
to  some  extent,  cast  iron,  coming  in  contact  with  magnetic 
chucks,  becomes  permaaently  magnetized.  To  demagnetize 
work,  start  demagnetiser  A  (1200  R.P.M.)  and  place  work 
B  on  plates  C,  C.  Then  vibrate  work  upward  1"  to  2" 
Trom  pistes  as  shown  dotted  at  B',  and  replace  on  plates. 
Repeat  operation  several  times.  The  action  of  the  demag- 
netizer  ia  to  nu^^etize  the  piece  of  steel  alternately,  in  both 
directions.     As  the  piece  of  steel  is  moved  out  of  its  influence. 
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the  steel  U  magnetised  a  little  less  each  time  the  magnetism  is 

reversed. 

AUention.  —  An  improvised 
demagnetizer  may  be  made  with 
a  coil  of  wire  using  A.  C.  cur- 
rent at  60  cycles:  The  steel  ii 
placed  in  the  coil  and  then 
moved  slowly  out.  ThLs  will 
demagnetize  a  watch  perfectly. 

46.  ^ectrical  imits.  — 
Volt.  —  The  unit  of  electro- 
1^.31.— DBMAGNHTiziNa  Stbel    raoHvB    force    {E.M.F.).     TW 
OB  Oaot  Ikon.  force  required  to  send  one  am- 

pere of  current  through  one  ohm  of  resistance. 

Ampere.  —  The  unit  of  current.  The  current  which  will 
pass  through  one  ohm  resistance  when  impelled  by  one  volt. 
A  milli-ampere  =  one-thousandth  of  an  ampere. 

Ohm,  —  The  unit  of   resistance.     The  re^stance  offered  lo 
the  passage  of  one  ampere  when  impelled  by  one  volt.    The 
megohm  =  one  million  ohms. 
Watt.  —  The  unit  of  power: 

Amperes  X  volts  =  watts. 
(Amperes)*  X  ohms  =  watts. 
(Volts)'  -7-  ohms  =  watts. 
746  watts  =  1  horse  power. 
1000  watts  =  1  kilo  watt. 
Coulomb.  — The  quantity  of  current  which  impelled  by  otic 
volt  would  pass  through  one  ohm  in  one  second. 

Joule.  —  The  unit  of  work.  The  work  done  by  one  watt  in 
one  second. 

Information.  —  In  ordering  electric  motors,  it  is  absolutely  necessary 
to  state  voltage  and  whether  current  is  direct  or  allemaling,  and  if 
alternating,  whether  one,  txco  or  three  phase  and  number  of  eyelet. 

STEADY  AND  FOLLOWER  RESTS 
46.  A  steady  r«6t,  Fig.  32,  is  used  to  support  a  slender 
shaft  to  prevent  vibration. 


STEADY  AND  FOLLOWER  RESTS 


SCHEDULE  OF  PARTS 
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A  — Rest;  two  parts,  —  base 

F  —  Bolt,  hinges  top  to  base. 

and  top. 

(7— Clamp,  fastens  top  to  base. 

B— Base. 

^  —  Sliding  jaws  adjusted  to 

C  —  Top,  hinged  to  base. 

spot  J  on  shaft. 

D  —  Clamp  strap. 

i:  — Bolt  to  clamp  rest  at  any 

Zi^Nuts  to   clamp  jaws  in 

location,  on  ways  of  lathe. 

position. 

47.  To  turn  spot  on  shaft,  then  adjust  jaws  to  that  spot 
and  turn  shaft,  fig.  32. 


F  A  Steady  Rest 


SCHEDULE  OF  OPERATIONS 
True  live  center    Set  dead  center  in  accurate  alinement 


1.  Center  and  straighten  shaft, 
rough  square,  recenter,  finish 
square. 

2.  Turn  spot  J  A'  to  A'  1m^ 
and  wider  than  jaws  H,  central 
or  nearer  live  center,  and  file 
smooth. 

3.  Move  jaws  H  back  to  clear 
shaft  and  swing  top  C  backward. 
Mount  and  clamp  rest  opposite 
spot.  Adjust  jaws  H  by  sere 
Ki  first,  then  JC)  to  touch  shaft, 
then  clamp  both  jaws  by  nuta  L. 


Swing  top  C  forward  and  clunip 
with  Bcrew  G.  Adjust  third  jaw 
H  to  touch  shaft  by  screw  A'j  and 
clamp  jaw  by  nut  L  and  oil  spot  /. 
4.  Turn  one-half  shaft,  re- 
verse shaft,  adjust  jaws  to  turned 
portion  and  turn  rest  of  shaft, 
or  spot  the  shaft  in  center  and 
rough  and  finish  both  halves  to 
spot  by  revering  shaft,  then 
move  rest  along  toward  live 
center,  readjust  jaws  and  finish 
spot  to  mze. 
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48.  The  cat  head,  M,  Fig.  33,  is  used  to  bold  slende 
shafts  to  be  spotted  as  well  as  for  steadying  slender  shafts  ti 
be  turned  without  spotting.  It  is  also  used  to  hold  square 
hexagonal,  or  work  of  irregular  section  to  be  turned,  as  vbIv< 
stems  that  have  One  part  square  and  the  other  round. 


.  Stbadt  Ri3» 

49.  To  true  cat  head  on  shaft.  —  Place  it  on  shaft  and 
true  up  accurately  by  adjusting  screws.  Test  its  truth  by 
chalk,  copper  tool,  or  a  teat  indicator.  If  the  cat  head  is  used 
in  turning  the  second  end  of  the  shaft,  it  must  be  placed  on  the 
turned  part  and  trued  up  as  before.  Usually  the  jaws  of  tha 
steady  rest  are  set  directly  on  the  shaft  for  the  second  half. 

Attention.  —  Do  not  adjust  jaws  carelessly  to  cause  the 
shaft  to  spring.  If  piece  springs  when  outside  skin  is  removed, 
straighten  in  a  press,  or  if  the  shaft  is  slender,  mount  on 
centers  and  strtughten.  Use  wooden  jaws  in  steady  rests  for 
finished  work. 

60.  Follower  (Traveling)  rest,  A,  Fig.  34,  is  used  for  turn- 
ing shaft  from  end  to  end,  and  it  is  more  convenient  and  pn>- 
duces  more  accurate  work  than  a  steady  rest.  The  rest  counts 
of  two  jaws  and  a  frame  bolted  to  carriage  B.  A  spot  of  the 
desired  diameter  is  turned  at  end  C  of  shaft  D,  and  the  jaws 
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£  and  E'  are  adjusted  to  it.    The  tool  must  be  slightly  in 
advance  of  the  jaws,  which  should  be  well  lubricated  where 


Fic.  34.  —  TuRNiNQ  Slbndbr  Shait  Supported  bt  a  Follower  Rest. 

they  bear  on  the  work.  One-half  of  shaft  is  turned,  then 
it  is  reversed  and  the  second  half  turned.  For  more  effective 
support,  use  bushings  to  suit  different  diameters  of  shafts  in 
place  of  jaws.  When  cutting  Square  or  29*  threads  on  slender 
pieces  a  follower  rest  is  necessary  to  support  the  work. 

ECCENTRIC  TURNING 

8L  Eccentric  tuniing.  —  Besides  ordinary  straight  and  taper 
turning,  in  which  there  is  only  a  single  axis  and  a  single 
pwr  of  centers,  there  is  another  class  of  turning,  known  as 
eccentric  or  offset  turning,  in  which  there  is  more  than  one 
axis  and  consequently  more  than  one  pair  of  centers.  See 
Eccentric  Shaft,  Fig.  35,  Engine  Eccentric,  Fig.  38,  and  crank- 
shaft. Fig.  41. 

Crankshafts  are  made  with  one  or  more  cranks  and  may 
huve  solid  eccentrics  as  well.  Small  crankshafts,  in  the 
rough,  may  be  obtained  drop-forged  of  machine  steel,  cut 
^rom  steel  slabs  or  in  steel  castings.  The  larger  sizes  come  - 
partly  machined  after  being  forged  under  the  steam  hammer. 
Crankshafts  are  also  built  up  by  autogenous  welding. 
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62.  To  make  eccentric  shaft,  Fig.  35. 


Vij.  35. — ScuEDuus  Drawing. 

Specificatioiis:  Material,  machine  steel  ^^''  to  i"  large;  ^-eight, 
1  lb.  15  oz.     Hardness,  14  to  16  (scleroscope). 

High-speed  steel,  or  stellite  cutting  tools. 

Time :  Study  drawing  and  schedule  in  advance,  6  min.  —  Oil  lathe, 
4  min.  —  All  squaring,  turning,  and  filing  on  concentric  centers  AjA'. 
40  min.  —  Making  eccentric  centers,  18  min.— All  turning,  squaring, 
and  filing  on  concentric  centers  B,B',  39  min.  —  Clean  lathe,  3  min.  — 
Total,  1  h.  50  min. 

SCHEDULE  OF  OPERATIONS,    MACHINES  AND  TOOLS 


Operations. 


Center  (A),  (A'),  ^2". 

See  that  live  center  is  true  and 

dead  center  in  approximate 

alinement. 
Rough  square  (1),  (2). 


Recenter  (A),  (A'),  A"- 
Finish  square  to  length,  (1), 

Rough  turn  to  1}"  +  A",  («). 

(4),  one  or  two  cuts.      Turn 

half-way,  reverse  and  turn 

other  half. 
Make  eccentric  centers  B,B', 

then 
Test  and  correct  throw. 


Machines,  Feeds, 
Speeds. 


Engine  lathe.   12"  to 
16". 


3d   or  4th  speed,    or 
50F.P.M.  Hand  feed. 


Tool*. 


2d  or  3d  speed,  or 
60F.P.M.  Medium 
power  feed  —  80 
to  1". 


Dog,  holder  and 
cutter  35*  rake, 
calipers,  rule. 


Holder  and  cutt«r 
SS**  rake,  calipers, 
rule. 


Lay  out  eccentric  centers  B,  B\  distance  at  C,  as  follows:  Cianip 
pointed  tool  in  tool  post  at  height  of  centers.  Mount  shaft  on  cen- 
ters without  dog,  and  make  short  lines  at  each  end  in  same  plane  &< 
at  (1)  and  (2),  Fig.  36.  Draw  lines  on  each  end  as  at  D,  \^ith 
pointed  tool  or  center  square  and  scriber.  Slant  pointed  tool  to  the 
left  with  point  i\"  (half  the  required  throw  of  eccentric)  from  lathe 
center,  and  draw  lines  at  both  ends  intersecting  radial  lines  as  at  E. 
Make  center  punch  marks  at  these  intersectionSi  and  drill  and  coun- 
tersink 5?,  "  small. 
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Fig.  36.  —Eccentric  Shaft  Blank.    Fig.  37. — Cbntb^  Hole  Scraper. 

Test  and  correct  throw. — Mount  in  lathe  on  eccentric 
centers  B,  B\  Fig.  35,  and  measure  throw  between  lathe  tool 
and  work  with  rule  and  inside  caUpers.  Correct  throw  to  fV"  J^t 
both  ends  by  scraping  over  countersinks  with  center  scraper, 
Fig.  37.  Test  also  with  indicator,  p.  12l0,  and  make  throw 
same  at  both  ends.  Countersink  to  ^'V ">  ^^^  and  scrape  again, 
if  necessary.    limit  of  error  permissible  .001". 


Dnw  lines  on  concentric  side 
of  Bhaft  (ft),  (e),  for  length 
of  reduced  parts.     ( Fig.  35 . ) 

Mount  in  lathe  on  eccentric 
centers  B.  B'.  Fig.  35. 

Rough  turn  reduced  parts 
(^)t  (S),  five  or  six  cuts  each. 


Rough  square    shoulders    to 
within  ^"  of  Unes  (6),  (ft),   j 

Finish  turn  euds  (7),  (8),  one 
cut.  I 

Finish    square    shoulder    to  ' 
Imes   (e),   (ft).     C^hange  to  | 

centers  il,  il'-  ' 

Finish  turn   (S).  (4)   to  If', 
one  cut. 

Dmw  lines  (•),  (It). 

Rough  turn  to  1  A',  (U).  one 
cut. 


FUe  (S),   (4),  (7),  (8),  to  re- 
move tool  marks. 


Vise,  copper  jaws. 


2d   or  3d   speed,    or 

50  F.P.M.  Medium 

power    feed  —  80 

to  1". 
2d   or    3d   speed,   or 

50  F.P.M.      Hand 

feed. 
3d  speed,  or  70  F.P.M . 

Fine  power  feed  — 

140  to  1". 
Hand  feed. 


Fine  feed  — 140  to  1 


// 


Engine  lathe,  3d 
speed, or  60  F.P.M. 
Medium  power 
feed— 80  to  1". 

4th  speed,  or  speed 
1  ithn,  2d  or  .3d  speed . 


Copper       sulphate, 
rule,  scriber. 


Dog,  holder  and 
cutter  35°  rpL^^ 
calipers,   rule. 

Holder  and  cutter 
35°  rake,  rule. 

Holder  and  cutter 
35°  rake,  calipers, 
rule. 

Holder  adtl  cutter 
35''  rake. 

Holder  and    cutter 

35°  rake,  calipers, 

rule. 
Copper   sulphate, 

rule,  scriber. 
Holder    and    cutter 

35°  rake,  calipers, 

rule. 

8"  or  10"  miU-bas- 
tard  file,  file  card 


Informalion.  —  U  desired,  parts  (3),  (4),  (7),  (8)  may  be  fitted  to 
BtAndard  holes  the  same  as  a  back  gear  eccentric  shaft  by  filing  or 
grinding. 

Attention,  —  To  save  time  in  making  a  number  of  eccentric  shafts, 
naake  a  jig  to  drill  and  countersink  ends  or  use  eccentric  fixtures. 
See  p.  632. 
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63.  To  turn  engine  eccentric,  Pig.  38. 
ENGINE 


Fia.  38.  —  TtfRNiNa  an  Ekqinb  Eccentric. 
SCHEDULE  OF  OPERATIONS 


1.  Make  eccentric  mandrel  Fig. 
38,  of  required  throw  by  method, 
pp.  630,  631. 

2.  Chuck,  Team,  and  push  ec- 
centric casting  lightly  onto  man- 
drel. Mount  in  lathe  and  rap 
eccentric  until  it  runs  true. 
Take  from  lathe  and  presa  man- 
drel liard.  On  large  eccentrics, 
eet  screws  are  used  to  fa^tea 
eccentric  to  mandrel.  Do  all 
facing  operations  and  turning  of 


hubs  on  regular  centers  AA' ,  and 
all  eccentric  diameteia  on  eccen- 
tric centers  Bff. 

AtteTition.  —  When  eccentric 
centers  he  outside  shaft,  eccentric 
may  be  turned  on  disk,  carrying 
split  stud  with  expanding  screw, 
the  whole  being  bolted  to  face 
plate  of  lathe  in  position  to  give 
desired  throw.  Some  prefer  I 
this  fixture  to  an  eccentric  man-  j 
drel. 


o 


i"-± 


64.  Crankshaft  turning,  Fig.  41.  — The  centers  or  axes  lie  I 
outside  of  the  shaft,  so  that  fixtures,  arms  or  flanges,  cairy- 
ing  the  centers  must  be  provided. 

>.  66.    To  lay  out  two-throw 

go°  cranksh^  center  fixtures, 
Fig.  39. 

SCHEDULE  OF  OPERATIONS 
1.  In  two  fixture  castings 
chuck  and  ream  holes  to  next 
regular  diameter  larger  than  re- 
quired diameter  of  ends  of  crank- 
shaft, mount  on  mandrel  and 
square  anus  and  hub.      Plane 


7" 


tr^ 


K-UM*-HI 

ia.  39.  — Latino  Out  a  Centbr 
FixTUBB  FOR  A  Two-Throw  90° 

EnOINE  CRANKSHAfT- 


ECCENTRIC  TURNING 
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cdgea  AB,  at  right  angles  and  an 
equal  distance  from  hole. 

2.  Set  pointed  tool  3}'  from 
poiDt  of  dead  center  and  describe 
area  CD.  If  fixturea  are  not 
pUoed,  pointa  CD  are  obtained 
u  follows: 

Center  punch  point  on  C,  in 
middle  of  casting  on  the  arc.  Set 
dividers  4.9497'  the  hypoth- 
enuse  of  right  triangle  whose 
base  is  3^',  uang  the  one-hun- 
dredth graduation  of  the  rule,  and 
witli  C  as  center  intersect  arc 
at  D,  Distance  CD,  may  be 
obtdned  by  the  following  rule: 
Find  the  square  root  of  the  sum 
of  the  squares  of  the  two  throws. 

Example:       ^3^'  -I-  3i*  ° 


4.9497,  answer.  Lines  JiF,  on 
each  fixture  are  used  to  aline 
cranks  with  fixtures  when  sides 
of  fixtures  are  not  90°. 

AlUntion.  —  It  only  one  crank- 
ebaft  b  to  be  turned,  the  fixture 
ntay  be  drilled  and  countersunk 
in  casting.  For  a  number  of 
crankshafts,  chuck  large  holes 
and  drive  in  hardened  and  ground 
steel  plugs  carrying  large  center 

To  make  these  holes  in  correct 
location,  clamp  fixturea  to  face 
plate  of  lathe  with  marks  C  and  D, 
in  axis  of  rotation  as  tested  with 
axis  indicator  (%e  Lathe  Axis 
Indicator,  1313),  then  drill  and 
bore  to  dse. 


66.  To  aline  center  fiztures  and  lay  out  cranks,  Fig.  40. 


-  Latino  Oot  Two-Throw  90°  Enoihe  CuANKflHAFT  a 
AuNiNO  Cranks  with  Center  Fixtures. 


SCHEDULE  OF  OPERATIONS 


Adjust    fixtures,    center    and 

Turn  AB  to  fit  center  fixtures 

wuare  shaft  in  relation  to  crank 

CC. 

TChs. 

Mount  fixtures   and   adjust 

ft34 
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centers  of  cranks  !>  and  £  to 
aline  with  centers  of  fixtures  by 
wedges  F  and  test  with  surface 
gage.  lay  out  crank  web  hy 
lines  and  center  punch  at  Q,  H, 
K,  L,  M,  N,  P,  Q. 


Mount  in  lathe  on  one  pair  ofl 
ciank  centers  and  revolve;  reg- 
ular centers  are  horizontally  a^ 
posite.  Test  top  of  turned  ends 
with  surface  gage. 


67.  To  turn  crankshitft,  Fig.  41. 


SCHEDULE  OF  OPERATIONS 


Rough  turn  blank.  Mount  up- 
on regular  centers  AA',  Fig.  41. 
Rough  square  faces  of  webs  1,  2, 
3,  4,  and  rough  turn  shaft  5,  6, 
and  7. 

Change  to  crank  centers  BB'. 
Rough  square  and  turn  8,  9,  and 
10. 

Change  to  crank  centers  CC 
and  rough  square  and  turn  11^  12, 
13. 

Counterbalance  crank  fixtures 
Oy  using  weight  D,  or  preferably 
hy  adjustable  weighte  EE'. 


Use  driver  FF'  with  piece  of 
leather  to  reduce  jar. 

Season  crankshaft  between 
roughing  and  finishing,  if  time 
wiU  permit. 

Finish    square    and    Iwn    in 

It  is  best  to  spot  7  and  use 
steady  rest  for  finishing.  For 
slender  crankshafts  use  jack  or 
braces  as  shown  by  dotted  lines. 
European  tool  post  G  is  preferred 
to  a  «ngle  tool  post.  Mill  or 
plane  edges  of  weba. 


Attention.  —  CrankshaTt  lathes  are  obtainable.  Automobile  and 
motorboat  crttukahafts  may  be  rougji  turned,  then  ground,  or  ground 
direct  from  drop  forgings  or  steel  castingB. 

mutuno 

68.  Hand  and  madhine  nurling  or  milling  tools,  Figs.  42 
and  43,  are  used  to  check  or  mill  surfaces  of  nuts,  screw 
beads,  bandies,  knobs,  etc.,  to  increase  the  grip  and  facilitate 
rotation.  These  indentations  are  sinular  to  those  on  the  edges 
of  silver  and  gold  coins  to  detect  the  removal  of  metal  and 
called  milled  edges. 

69.  Hand  nurling.  Fig.  42. — Thumb  nuts  and  screw 
heads  are  often  nurled  with  single  nurl  wheel  A  and  holder  B, 
Fig.  42.     Oil  work  and  nurl. 


ti 


Fra.  42.  —  Hand  NinuJNa  in  Speed  Lathe. 
SCHEDULE  OF  OPERATIONS 


Speed  for  hand  nurling  brass, 
300  F.P.M. 


Speed  for  hand  nurling  steel, 
200  F.P.M. 


Place  holder  on  rest  C  which 
should  be  finnly  clamped,  and 
place  wheel  under  thumb  nut  D. 
Press  down  firmly  with  right 
hand,  at  same  time  steadying  tool 
with  the  left,  until  desired  effect 
is  produced. 


InforjiuUion.  —  Hand  nurls  are 
obtainable  in  a  variety  of  patterns 
for  thumb  nuts  and  screw  heads, 
as  shown  in  Fig.  42. 

Attention.  —  Use  fine  nurls  on 
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60.  Machine  nuiUng,  Fig.  43. 


Fra.  43.  —  Machine  Ndrunq  in  Enqine  Lathe. 


SCHEDULE  OF 
Speed  for  machine  nurling  iron 

and  stCTl,  40  F.P.M. 

Nurlii^  tool,  Fig.  43,  con- 
sists of  lioldcr  A  and  two  hard- 
ened steel  nui'ling  wheeb  B,  B', 
mounted  In  iieod  C,  connected 
with  holder  by  rocking  joint. 
Nurla  have  opposed  helical  teeth 
as  at  D,  D'.  Holder  is  fastened 
at  right  angles  to  work  E,  and  ad- 
justed to  have  both  wheels  bear 
equally  on  work. 

Use  power  feed.  Oil  work  and 
nurU.  Start  latlie.  Force  nurla 
with  cross  feed  screw  hard  against 
work,  preferably  with  half  width 
of  nurls.  Stop  lathe,  and  if 
pitch  of  cheeking  on  work  is 
same  as  nurla,  reduce  pressure 
and  throw  in  power  long,  feed  lo 
travel  back  and  forth  over  surface 
until  projections  come  nearly  to 


OPERATIONS 

Feed  for  nurling,  medium 
power  feed,  80  to  1". 

AUerUian.  —  To  prevent  ma- 
chine nurU  from  cuttii^  double 
set  of  projections  twice  as  fine 
as  the  nurls  and  spoiling  the 
work,  press  nurla  hard  at  start 
and  move  carriage  slightly  to  left 
and  right  by  hand  until  desired 
effect  is  produced,  then  partially 
relieve  pressure  before  starting 
power  feed,  to  avoid  undue  wear 
on  centers  and  center  holes.  A 
slow  but  sure  process  is  to  press 
nurls  hard  on  work  and  pull  belt 
forward  and  backward  by  hand 
until  nurling  is  reproduced  all 
around  work,  then  start  macliinc 
and  use  power  feed. 

Note. —  Nurls  for  machine  work 
are  obtainable  for  fine,  medium, 
and  coarse  pitches  as  shown  in 
Fig.  43.     Medium  is  most  tised. 
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SECTION    7 

CYLINDRICAL  GRINDING   (EXTERNAL) 
INTERNAL  GRINDING 

Cylindrical  Grinding.    Grinding  on  Two  Dead  Centers.    Universal 

Grinding  Machines.    Grinding  Wheels.    Problems  in 

Cylindrical  Grinding.    Internal  Grinding. 

CYLINDRICAL  GRINDING 

1.  Machine  grinding  is  a  scientific  method  of  producing 
cylindrical,  conical,  and  plane  surfaces  accurately,  rapidly, 
and  economically,  with  automatic  grinding  machinery;  and 
for  duplicating  machine  parts. 

Almost  any  material,  as  hardened  and  soft  steel,  wrought 
iron,  cast  iron,  brass,  copper,  aluminum,  vulcanite,  and  wood 
fiber,  may  be  ground  accurately.  Grinding  machines  are 
not  designed  to  remove  a  large  amount  of  stock  but  to  produce 
accurate  dimensions  on  work  that  has  been  rough  turned. 

GRINDING  ON  TWO  DEAD  CENTERS 

2.  The  principle  of  grinding  on  two  dead  centers.  —  Ground 
work  is  more  accurate  than  turned  work.  This  accuracy  is 
obtained    by   grinding 

■ELT  r-t  ■ 

or 


OCAO 
CENTER 


i 


HEAD 
•TOOK 


DEAD 
CENTER 


FOOT 
STOCK 


the  work  on  two  dead 
centers  as  in  Fig.  1, 
which  eliminates  the 
error  caused  by  wear 
of  spindle  bearings. 
The  wear  of  dead 
centers  is  readily  cor- 
rected by  grinding  the  centers,  but  the  wear  of  spindle  bear- 
ings cannot  be  readily  corrected. 

Machine  grinding  is  also  used  for  finishing  as  a  substitute 
for  polishing  as  it  is  more  economical  than  using  files  and 
emery  cloth. 

7oi 


Fig.  1.  —  AocuRACT  Obtained  by  Grind- 
ing ON  Two  Dead  Centers. 
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UNIVERSAL  GRINDING  MACHINES 

3.  Grinding  machines  may  be  divided  into  four  g^eneral 
classes:  Universal  grinding  machines  for  general  work;  plain 
grinding  machines  for  outside  work  only;  cutter  grinding 
machines  for  grinding  cutters  and  similar  work;  and  surface 
grinding  machines  for  surface  grinding  only. 

Special  grinding  machines  are  designed  for  special  purposes, 
as  internal  grinding  machines,  piston  grinding  machines,  and 
crank  grinding  machines  to  rough  as  well  as  to  finish  auto- 
mobile crank  shafts  without  rough  turning. 

4.  Universal  grinding  machine,  Fig.  2,  Uke  the  engine  lathe, 
is  designed  for  general  work,  as  straight  and  taper  grinding, 
both  external  and  internal,  facing  sides  of  disks,  grinding 
clearances  on  cutters,  reamers,  etc. 

SCHEDULE  OF  PARTS 

GOUNTERSHAFT  DrIVE.  BeLT  FeED. 


5.  Machine  Parts. 

A  —  Base,  contains  locker  foF 
small  parts. 

B  —  Bed,  contains  feed  and 
reversing,  mechanism. 

C  — Table. 

C  —  Swivel  table. 

i>  — Swivel  headstock  (00°), 
position  adjustable. 

E  and  E'  —  Dead  centers. 

F  and  F' — Dead  center  pulleys ; 
large  or  small  may  be  used. 

G  —  Live  spindle  pulley. 

H  —  Stop  for  live  spindle 
pulley. 

J  —  Footstock,  position  ad- 
justable. 

K  —  Lever  to  spring  dead 
center  "  in  "  or  "  out." 

L  —  Grinding  wheel,  head 
mounted  on  swivel  slide  and 
adjustable  "  forward  "or  "  back- 
ward;" it  can  also  be  fed  by 
hand  to  grind  steep  tapers. 

M  —  Grinding  wheel. 


AT- 
P- 

Q- 

wheel. 

S- 


-  Water  supply  pipe. 
Belt  to  drive  work. 
Belt    to    drive    grinding 

Belt  to  drive  feed  cone. 
Belt  to  drive  pump. 


6.  Countershaft  Parts. 

I.  Line  shaft. 

II.  Tight    and    loose    pulley 
mechanism  controlled  by  shipner. 

III.  Belt  to  drive  sleeve  cany- 
ing  feed  cone. 

IV.  Belt  to  drive  work  drum. 

V.  Work  drum. 

VI.  Clutch  operated  by  ship- 
per brake. 

VII.  Belt  to  drive  grinding 
wheel  drum. 

VIII.  Grinding  wheel  drum. 

IX.  Belt  to  drive  dead  center 
pulley  F  to  give  higher  speed. 

X.  Belt  to  drive  live  spindle 
pulley  G. 
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Pig.  2.  —  Universai.  Giundinq  Macbinz. 
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GRINDING  WHEEI^ 

7.  Grinding  wheels.  Chart,  Fig.  3,  are  made  from  various 
abrasives,  —  emery,  corundum,  alundum,  aloxite,  carbonia- 
dum,  crystolon,  carbolite.  The  abrasive  is  mixed  with  a  bond, 
the  amount  and  composition  of  which  makes  a  wheel  Wd 
or  soft  and  determines  its  grade  or  degree  of  hardness. 

They  are  molded,  baked,  turned,  balanced,  and  tested  for 
hardness  and  speed. 

The  number  of  a  wheel  is  determined  by  the  number  of 
meshes  per  linear  inch  of  the  sieve  through  which  the  abrasive 
has  passed,  and  for.  grinding  wheels  runs  from  No.  12  to 
No.  120.  Lower  numbers  indicate  coarser  wheels  and  higher 
numbers  finer  wheels.     See  Principles  of  Machine  Work, 

8.  Coarseness.  Grade  of  Hardness. 

Coarseness  determined  by     Hardness  determined  by  bond 
No.  of  abrasive.  binding  grains  of  abrasive 

together. 


Processes. 

• 

Vitrified. 

^ 

Tanite. 

Silicate. 

Vulcanite.                     i 

Elastic. 

Celluloid. 

Each  process  is  best  adapted  to  certain  classes  of  grinding, 
yet  each  may  be  used  for  general  grinding. 

9.  Vitrified  wheels,  reddish  brown  in  appearance,  are  made 
by  mixing  the  abrasive  with  a  bond  of  clay,  sand,  spar,  etc., 
they  are  then  molded  into  shape,  placed  in  ovens  similar  to 
pottery  kilns  and  subjected  to  a  prolonged  and  intense  heat 
(3000®  F.).  These  wheels  are  even  in  texture,  open  and  pa- 
rous. They  are  especially  adapted  to  grinding  hardened  steel, 
as  they  will  not  glaze  easily  and  are  thus  cool-cutting.  Wbeel? 
made  by  this  process  are  used  for  general  work  and  for  cylindri- 
cal and  cutter  grinding.     See  Table  of  Grades,  p.  707. 


CHART  OF  GRINDING  WHEELS 
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10.  Silicate  wheels,  light  gray  in  appearance,  are  made  by 
mixing  the  abrasive  with  a  bond  of  silicate  of  soda,  and  then 
subjectmg  to  a  low  heat  (300**  to  400°  F.).  These  wheels  are 
made  porous  or  dense,  as  desired,  are  even  in  hardness  and 
have  unusual  strength.  They  are  adapted  for  wet  tool  grind- 
ing and  general  purposes.  All  wheels  above  SO''  in  diameter 
are  made  by  this  process.     See  Table  of  Grades,  p.  707* 

11.  Elastic  wheels,  black  in  appearance,  are  made  by  mix- 
ing the  abrasive  with  a  bond  of  shellac,  etc.;  and  then  sul>- 
jecting  to  a  low  heat  (300°  to  400°  F.).  These  wheels  are  not 
brittle,  and  can  be  made  as  thin  as  A"«  They  are  used  for 
grinding  arbors,  cutters,  reamers  for  saw  gumming,  and  for 
cutting  off  small  stock,  such  as  thin  steel  tubing,  wire,  etc.. 
also  for  grinding  in  narrow  openings.  See  Table  of  Grades, 
p.  707. 

12.  Tanite  wheels  are  made  by  mixing  the  abrasive  with 
tanite  (a  chemical  and  mechanical  transformation  of  leather) 
and  then  subjecting  to  heat  under  hydraulic  pressure.  Thev 
are  used  for  general  grinding  in  a  similar  manner  to  silicate 
wheels. 

13.  Vulcanite  wheels  are  made  by  mixing  the  abrasive 
i^ith  a  bond  of  rubber  and  sulphur,  and  subjecting  to  a  low 
heat  (225°  F.).  These  wheels  are  not  brittle  and  have  a  high 
factor  of  safety.     They  are  used  for  special  work. 

14.  Celluloid  wheels,  brown  in  appearance,  are  made  by 
mixing  the  abrasive  with  celluloid;  both  are  subjected  to  a 
low  heat  (250°  F.). 

15.  Combination  wheels  are  made  by  mixing  several 
numbers  of  the  abrasive  together  in  the  formation  of  the 
wheel.  Three  numbers  are  generally  used  for  this  purpose, 
as  24,  36,  46, —  the  coarsest  grade  is  used  for  fast  cutting 
and  the  finest  grade  is  used  for  a  smooth  finish.  The  addi- 
tion of  a  small  amount  of  fine  abrasive  to  a  coarse  wheel  will 
produce  wheel  of  great  durability. 
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16.    Table  of  Grades  of  Wheels  Hade  by  Different 

Processes 


Vitrified 

Silicate 

Elastic 

Process. 

Process. 

Process. 
IE 

Very  soft. . . 

E 

f 

F 

1 

1    E 

G 

H 

HE 

H 

1* 

HE 

Soft 

I 

n 

If  E 

J 

2 

2    E 

K 

2i 

2iE 

L 

2* 

2JE 

Medium .... 

M 

3 

3    E 

N 

3J 

3^E 

0 

4 

4    E 

P 

^ 

4iE 

Hard 

Q 

5 

5    E 

R 

5* 

5^E 

s 

6 

6    E 

T 

6* 

6iE 

Very  hard . . 

U 

7 

7    E 

Attentian.  —  The  grade  of  a  grinding  wheel  is  more  important  than 
the  number  of  the  abrasive.  The  number  influences  the  grade  to  a 
slight  extent^  a  fine  wheel,  as  No.  90,  grade  M,  is  slightly  harder 
than  a  coarse  wheel  same  grade  as  No.  60,  grade  M. 

!?•  Shapes  of  wheels.  —  Plain  disk  wheels  are  used  for 
straight  and  taper  work,  and  plain  and  cup  wheels  for  surface 
grinding. 

Cup,  bevel,  and  disk  wheels  are  used  for  grinding  drills, 
cutters,  and  for  grinding  to  shoulder.  Small  wheels  are  used 
for  internal  grinding.     See  Chart  of  Grinding  Wheels,  Fig.  3. 

18.  Selection  of  wheel  depends  on  hardness  of  material 
and  nature  of  work.  In  general,  use  a  hard  wheel  for  rough 
grinding  and  a  medium  or  soft  wheel  for  accurate  grinding 
and  fine  finish.  If  a  wheel  is  too  hard,  it  will  glaze  quickly 
and  heat  the  work;  if  too  soft,  it  will  wear  rapidly  and  prevent 
accurate  grinding.  A  coarse  wheel  is  less  liable  to  heat  than  a 
fine  wheel,  as  the  latter  is  apt  to  glaze.  A  perfect  wheel  is 
one  with  a  bond  that  will  release  the  grains  before  glazing 
takes  place,  and  hard  enough  to  take  a  series  of  cuts  without 
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changiiig  its  shape  or  diameter,  as  accurate  grinding  depends 
upon  the  sizing  power  of  wheel. 

19.  To  mount  wheels.  —  Place  rubber  or  blotting-paper 
washers  between  wheels  and  flanges,  and  clamp.  Wheels 
should  fit  easily  on  arbors.  Some  are  bushed  with  soft  metal 
to  fit  standard  shafting  and  will  run  fairly  true.  Wheels  to 
be  interchangeable  without  truing  are  provided  with  indi- 
vidual taper  bushing.  Small  wheels  for  internal  grinding 
have  counterbore  depressions  for  fillister  head  screws. 

20.  The  periphery  speed  for  wheels  should  be  approximately 
from  5000  to  6500  feet  per  minute  (F.P.M.).  A  higher  speed 
may  cause  the  wheel  to  break.  Should  a  wheel  heat  or  glaze, 
run  it  slower.  If  it  is  too  soft,  it  can  often  be  made  to  hold 
its  size  by  using  a  higher  speed. 

Table  or  Speeds  for  QRiNDma  Wheeia 

The  table  given  below  designates  number  of  revolutions  per 
minute  for  specified  diameters  of  wheels,  to  cause  them  to  run 
at  the  respective  periphery  rates  of  4000,  5000,  and  6000  feet 
per  minute. 


Revolutions  pes 

Reyolutions  per 

RevOLXTTIONB   FEB 

DiAM.  Wheel. 

Minute  for  Sur- 

Minute for  Sur- 

Minute for  Sur- 

face  Speed  of 

face  Speed  of 

FACB  Speed  of 

4000  Ft. 

6000  Ft. 

6000  Ft. 

1  inch. 

16,279 

19,099 

22,918 

2     " 

7,639 

9,549 

11,459 

3     " 

5,093 

6,366 

7,639 

4    " 

3,820 

4,775 

5,730 

6    " 

3,056 

3,820 

4,584 

6     " 

2,646 

3,183 

3,820 

7    " 

2,183 

2,728 

3,274 

8    " 

1,910 

2,387 

2,865 

10    " 

1,628 

1,910 

2,292 

12    " 

1,273 

1,592 

1,910 

14    " 

1,091 

1,364 

1,637 

16    " 

956 

1,194 

1,432 

18    " 

849 

1,061 

1,273 

20    " 

764 

955 

1,146 

22    " 

694 

868 

1,042 

24    " 

637 

796 

955 

30     " 

609 

637 

764 

36    " 

424 

531 

637 
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21,  The  periphery  speed  of  work  (F.P.M.)  should  be  pro- 
portional to  the  grade  and  speed  of  wheel,  also  to  the  diameter 
of  work.  The  speed  varies  from  15  to  60  feet  per  minute  for 
different  classes  of  work.  The  higher  speed  is  best  for  cast 
iron  and  the  lower  for  duplicate  work. 

22.  Direction  of  rotation  of  wheel  and  work  must  be  op- 
posite at  cutting  point  as  in  Fig.  4. 


Fig.  4.  —  Direction  op  Rotation  of  Whebl 
AND  Work  for  External  Grinding. 

23.  Feed  of  table  or  traverse  speed  is  in  proportion  to  the 
width  of  wheel  face  and  finish  required.  Use  coarse  feed  for 
roughing.  For  large  work  with  a  heavy  machine,  use  one-half 
to  three-fourths  width  of  wheel  to  each  revolution  of  work;  on 
light  machines  use  one-third  to  one-half  width  of  wheel.  For 
a  very  fine  and  accurate  finish,  use  one-fourth  to  one-third 
width  of  wheel. 

24.  Depth  of  cut.  —  For  roughing  take  deep  cuts,  —  .001'' 
to  .004*  at  each  stroke;  for  finishing,  light  cuts,  —  .00025"  to 
.0005'^  at  each  stroke.  The  sparks  thrown  off  by  the  grinding 
wheel  indicate  the  depth  of  cut:  a  large  volume  of  sparks  indi- 
cates a  heavy  cut,  and  a  small  volume  a  light  cut. 

26.  Width  of  face  of  wheel. —  A  wide  wheel  with  a  coarse 
feed,  removes  stock  rapidly,  and  is  used  where  it  can  pass 
from  one-fourth  to  one-half  its  width  beyond  the  end  of  work 
or  recess. 

A  narrow  wheel  is  used  to  grind  to  a  shoulder  not  recessed 
to  produce  an  accurate  diameter  next  to  shoulder  or  with 
narrow  recess.  The  face  of  a  wheel  may  be  narrowed  by 
beveling  a  comer  with  a  diamond  tool. 

26.  To  true  grinding  wheel. — Grinding  wheels  wear  smooth 
or  become  glazed  by  use,  so  that  they  will  not  cut  freely.  A 
new  wheel  will  not  run  true  and  must  be  trued  before  using. 
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To  true  face  of  wheel,  mount  diamond  tool  A,  Fig.  5,  in 
fixture  B.  Feed  tool  to  touch  revolving  wheel  with  cros- 
feed,  then  traverse  tool  by  power  or  hand  long.  feed.     To  true 


gide  of  wheel,  clamp  diamond  tool  A,  Fig.  6,  in  slide  of  fixture 
B  at  right  angles  to  wheel.  Feed  tool  to  wheel  by  hand  long.  ! 
feed  until  it  touches  revolving  wheel,  then  operate  tool  by 
hand  with  cross  feed. 

If  a  wheel  is  soft,  but  little  attention  may  be  given  it  while 
roughing,  as  it  will  wear  away  fast  enough  to  keep  sharp,  hut 
it  must  be  sharp  and  also  true,  to  produce  a  fine  finish. 

Attention.  —  Grinding  wheeb  may  be  trued  drj-,  but  the 
wear  on  the  diamond  tool  is  much'less  if  plenty  of  water  is 
used. 

27.  To  true  centers.  Fig.  7.  —  Remove  centers,  clean  holea 
with  waste.  Clean  dead  center  and  insert  it  in  live  center 
spindle.  Belt  machine  to  revolve  Uve  spindle,  pull  out  pin  .1, 
swivel  headstock  to  30°  and  clamp.  Set  reverang  dogs  and 
grind  center  by  trial  and  correction  to  fit  center  gage  (60°) 
See  p.  Ii3.  Replace  dead  center,  clean  and  insert  Kve 
center  in  its  spindle  and  grind.  Both  centers  are  hardened 
and  tempered.  In  a  plfun  grindii^  machine,  use  a  speei.il 
attachment.  Some  small  grinding  machines  permit  swinging 
of  table  to  grind  centers. 
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Fia.  7,  —  Orimsino  the  Ckntkr  or  UmviiRSAL  GRuroiNa 
Machine. 

28.  Methods  of  driving  work.  —  (Two  dead  centers.)  Cen- 
tered wrork  is  ground  on  two  dead  centers  and  driven  by 
dead    center  pulley   and  balanced   dog,   as  in   Fig.   1.     To 


Fio-  8.  —  EsD  DsiYiNo  Doo  for  Work  of  One  Diameter. 

grind  work  of  one  diameter,  use  end  driving  dog,  as  in  Fig.  8. 
(With  revolving  spindle.)  For  work  held  in  chuck,  as  face 
and  internal  grinding,  the  spindle  revolves. 

Some  classes  of  centered  work  may  be  rapidly  handled  and 
gixiund  by  using  spindle  and  triangular  live  center  drive,  as 
in   Fig.  9. 
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A  triangular  center  punch  is  driven  lightly  into  one  center 
hole  to  make  it  fit  center.  The  work  is  then  mounted  on 
centers  and  not  moved  until  finished. 


EMCRY 
WHECL 


FiQ.  9.  —  Triangular  Center  Drive  for  Rapid  Production. 

29.  To  set  swivel  table  to  grind  straight  work.  —  »Set  both 
zero  lines  on  headstock  swivel  (graduated  in  degrees)  to  coin- 
cide, then  set  both  zero  lines  on  swivel  table  (graduated  scale 
in  inches  per  foot  and  degrees)  to  coincide.  To  obtain  accu- 
rate setting,  take  a  few  light  cuts  and  caliper  both  ends  with 
micrometer.  If  they  differ,  release  clamp  bolts  and  swing 
swivel  table  a  little  with  adjusting  scre^^  at  end,  clamp  bolts 
and  repeat  above  process  until  desired  accuracy  is  obtained. 

Attention.  —  The  graduations  on  headstock  swivel  and 
swivel  table  are  helpful,  but  the  coincidence  of  lines,  even  if 
located  with  a  magnif3dng  glass,  give  only  approximate  accu- 
racy, and  it  is  only  by  the  process  of  trial  and  correction  that 
accuracy  is  obtained. 

30.  Slight  tapers  are  obtained  by  setting  swivel  table  to 
approximate  taper  by  scale  and  using  a  standard  taper  ring 
gage  to  determine  exact  taper,  which  is  obtained  by  trial  and 
correction  in  the  same  manner  as  a  straight  setting. 

31.  Steep  tapers  on  work  held  in  chuck  or  on  headstock 
spindle  are  obtained  by  swiveling  the  headstock.  For  work 
mounted  on  centers,  tapers  are  obtained  by  setting  wheel  slide, 
and  for  two  abrupt  tapers,  outside  or  inside,  by  setting  both 
headstock  and  wheel  slide  at  proper  angles. 

32.  Wet  and  dry  grinding.  —  Wet  grinding  is  rapid  and 
accurate.     An  insufficient  or  fluctuating  supply  of  water  will 
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cause  a  change  of  temperature  and  produce  inaccurate  work. 
If  the  nature  of  the  work  will  not  permit^  or  the  machine  is  not 
arranged  for  wet  grinding,  good  results  may  be  obtained  by 
grinding  dry  with  very  light  cuts.  Water  guards  for  wet 
grinding  are  supplied.     See  A,  Fig.  10. 

33.  Lubricants  for  grinding.  —  Use  water,  and  to  prevent 
rusting  of  machine,  add  enough  sal  soda  to  the  water  to  show 
a  deposit  on  machine.  Machine  oil  is  sometimes  added  to 
mixture. 

Aluminum  is  ground  with  a  lubricant  of  kerosene,  or  a 
mixture  of  kerosene  and  machine  oil. 

As  most  cutter  grinders  are  not  arranged  for  wet  grinding, 
cutters  and  reamers  are  ground  dry. 

34.  To  prepare  work  to  be  ground.  Allowance  for  grind- 
ing. —  Short  work  that  is  not  to  be  hardened  is  rough  turned 
from  .006''  to  .010^  large.  For  large  work  and  long,  slender 
work  that  will  spring  and  run  out  of  true  after  turning,  and  for 
hardened  steel  that  is  liable  to  spring  in  hardening,  it  is  good 
practice  to  allow  from  .020''  to  .030''  to  grind  off.  A  large 
allowance  means  but  one  cut  in  the  lathe,  and  it  is  more  eco- 
nomical to  grind  with  the  modern  grinding  machine  than  to 
take  a  second  cut  in  the  lathe  to  reduce  the  allowance. 

36.  Rough  and  finish  grinding.  —  In  manufacturing  ma- 
chine parts  in  lots,  it  is  good  practice  to  rough  grind  all 
pieces  to  within  .002"  or  .003"  before  finishing  any.  The 
wheel  then  need  be  trued  only  twice,  —  once  in  roughing 
and  once  for  finishing. 

36.  The  finish  of  work.  —  An  ordinary  shaft  should  be 
given  a  "  commercial "  finish;  that  is,  it  should  be  ground 
to  a  good  smooth  surface.  A  forcing  fit  need  not  be  ground  to 
such  a  fine  finish,  but  close  to  size.  Gages  and  fine  work  of 
this  class  must  be  ground  both  to  a  fine  finish  and  to  an  exact 
size.  A  fine  accurate  finish  is  generally  obtained  with  light 
cuts,  slow  feed,  a  true  wheel,  and  a  liberal  supply  of  water. 

37.  Expansion  of  work  while  grinding.  —  Expansion  is 
caused  by  the  friction  of  the  wheel.  In  grinding  work  dry, 
particularly  long  shafts,  it  sometimes  is  made  to  run  out  of 
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true  and  this  is  due  to  its  own  internal  strains  or  unequal 
expansion.  A  grinding  operation  shows  error  or  truth;  an  un- 
even volume  of  sparks  indicates  error,  and  an  even  volume  of 
sparks  truth  of  work.  To  remedy  this,  flood  work  with  water, 
reduce  speed  of  work  and  feed  one-fourth  thousandth  at  each 
end  of  stroke  until  work  is  cylindrically  true.  When  the  work- 
becomes  round  again,  increase  its  speed  and  the  depth  of  cuts. 
Spring  back  rests  B,  B,  B,  Fig.  17,  are  often  used  to  remedy 
this  error. 

Attention.  —  A  distinct  difference  in  the  sparks,  however, 
may  indicate  an  error  as  small  as  one-tenth  to  one-fourth 
thousandth  of  an  inch  or  less,  which  may  be  ignored  for  some 
classes  of  work. 

38.  Seasoning  work.  —  Long  slender  work  is  often  laid 
away  for  a  period  of  time  between  roughing  and  finishing,  tn 
relieve  internal  strains,  when  great  accuracy  is  required.  Thi:« 
is  usually  unnecessary  for  short  or  heavy  work. 

39.  Care  of  machine  and  work.  —  All  bearings  should  be 
kept  well  oiled.  The  cross  slide  should  be  cleaned,  oiled,  and  if 
need  be,  adjusted  to  move  smoothly.  The  centers  and  center 
holes  in  work  must  be  kept  absolutely  true  and  clean  and  well 
oiled  to  produce  accurate  work.  While  most  of  tfce  bearing? 
on  modern  grinding  machines  are  dust-proof,  nevertheless  the 
machines  should  be  kept  clean. 

40.  Measuring  tools  for  grinding.  —  Use  micrometer  caliper^ 
and  limif  gages  for  general  work.  For  very  accurate  work 
use  a  ten-thousandth  micrometer  or  measuring  machine. 

Warning.  —  Push  the  shipper  slowly  and  watch  the  grind- 
ing wheel  as  it  slowly  starts.  Never  stand  in  front  of  a  wheel 
when  it  is  starting,  to  avoid  injury  if  the  wheel  should  happen 
to  break.  Modem  grinding  wheels  have  a  high  factor  of  safety 
and  seldom  burst  at  the  speed  recommended,  but  any  wheel 
may  be  broken  by  careless  usage;  accidentally  moving  the 
headstock,  or  footstock,  or  work,  against  the  side  of  the  wheel, 
especially  a  thin,  vitrified  wheel,  revolving  or  stationary,  may 
break  it. 
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PROBLEMS  m  CTUNDKICAL  GRIRDIHG 
41.    Adjustments    and    movements    to    operate   uniTersal 
grinding  machine,  Fig.  10. 


Fia.  10.  —  GfUNDENa  a  Running  Fit. 
SCHEDULE  OF  PARTS 


1.  Shipper  to  start  and  etop 
Ending  wheel. 

2.  Shipper  brake  to  start  and 
stop  work, 

3.  Knob  to  start  or  stop  long, 
power  feed  work  (table  feed). 

4.  Long,  feed  hand  wheel. 

5.  Lever  to  reveree  long,  feed 
by  hand. 

6  and  7.  Doge  to  reverse  long, 
feed  automatically. 

8.  Cross  feed  hand  wheel. 

Aviomatic  Cross  Feed. 

9.  PawL 

10.  Ratchet  wheel  (each  tooth 
reduces  work  l/4/lOOO'  in  diam- 
eter and  each  graduation  l/lOOO^. 


U  and  12.  Adjusting  screws 
which  control  movements  of  pawl 
9  and  depth  of  cut  at  each  end  of 
stroke  or  at  each  reversal  of  table. 

13.    Perpendicular  latch. 

H.   Latch  head. 

15.  Shield. 

16.  Horisoatal  latch. 


Smvel  Tabk. 

17  and  18.  Bolts  to  clamp 
swivel  table. 

19.  Screw  to  adjust  swivel 
table.  To  grind  straight  or  taper, 
see  Graduated  Scale  at  end  of 
swivel  table. 
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42.  To  grind  running  fit  on  two  dead  centers,  Fig.  11 


1^  flUNNINO    FIT 


J^ 


SHAFT  BLANK— I^CHINE  STEEL 

FiQ.  11.  —  Schedule  Drawing. 

Specifications:  Shaft  blank,  machine  steel  rough  turned  1.07^ 
diameter. 

Machines  and  tools:  Universal  grinding  machine. 

Grinding  wheel  12"  X  i",  No.  54,  Grade  M,  vitrified,  grinding  do| 

Speed  of  wheel,  6000  F.P.M.    Speed  of  work,  60  F.P.M. 

Feed  J  width  of  wheel  per  revolution. 

Oil  bearings  and  two  dead  centers  with  machine  oil. 

Lubricant,  solution  of  sal  soda  and  water. 

Time:  Study  drawing  and  schedule  in  advance,  10  min.  —  O 
machine  and  true  wheel,  7  min. — Grind  fit  with  machine  "set  up, 
20  min.  —  Clean  grinder,  3  min.  —  Total,  40  min.  ("  Set  up  machii 
to  grind  straight,  20  min.  extra.) 


i."^ 


SCHEDULE  OF  OPERATIONS 


L  Preparatory  Adjustments. 
True  wheel  and  centers,  p.  709. 
Set  zero  lines  on  headstock 
and  swivel  table  to  grind 
approximately  straight,  p.  7l2. 
Arrange  water  guards.  See 
Fig.  10.  Unlock  horizontal 
latch  16  from  latch  head  14, 
throw  out  pawl  9  and  move 
grinding  wheel  back  with  hand 
cross-feed  wheel  8,  to  allow  space 
to  mount  work.  Mount  shaift  B 
on  centers  with  copper  under  set 
screw  of  grinding  dog  C.  Start 
grinding  wheel,  work  and  feed, 
1,  2,  3,  and  adjust  table  dogs  6, 
7,  to  obtain  length  of  stroke  and 
avoid  wheel  striking  dog  or  foot- 
stock. 

Set    automatic  cross  feed   11, 


12,  Fig.  10,  to  feed  .0005"  i 
.001"  (2  to  4  teeth  on  ratchei 
at  each  end  of  stroke  or  reverse 
of  table. 

IL  Grind  Trial  Diameter  (li 
Fig.  11.  (Grind  out  tool  mark 
only.)  Move  grinding  wheel  t 
cut  revolving  work  lightly  w-itj 
hand  cross-feed  wheel  8.  Tun 
on  water  and  throw  in  fea 
pawl  9  to  mesh  with  ratche 
wheel  10,  and  allow  automatic 
cross  feed  to  take  three  or  fouj 
trial  cuts  whole  length  of  worl 
to  grind  out  tool  marks.  Ther 
throw  out  pawl  9  and,  without 
moving  cross  feed,  allow  wheel 
to  pass  over  work  several  tizues 
until   cutting   nearly   dies    out. 
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Stop  wheel,  work  and  feed,  1,  2, 
I,  with  wheel  at  footstock  end. 

jn^-  Cocrect  Straightness.  Meas- 
ure work  at  both  ends  with  2" 
micrometer,  and  if  not  straight, 
move  swivel  table  (see  p.  7 12). 
Take  one  or  two  cuts  with  auto- 
matic cross  feed.  Measure,  and 
repeat  until  machine  grinds 
«traight.  If  there  is  danger 
thereby  *  of  grinding  shaft  too 
small,  use  trial  piece  same  length. 

IV.  Find  Amount  Oversize. 
Measure  work  with  2"  microm- 
eter. Subtract  1.0640"  (1.0620" 
•f  .002"  for  finishing)  from  read- 
ing of  micrometer.  For  example, 
reading  of  micrometer  may  be 
1.0740",  then  1.0740"  -  1.0640" 
=  .0100"  for  rough  grinding. 
Aa  each  tooth  in  ratchet  wheel 
10  ==  i/1000"  in  diameteiv^  of 
iwork  and  work  is  .010"  large, 
work  is  40  teeth  large. 

I  V.  Set  Automatic  Cross  Feed. 
'Raise  perpendicular  latch  13  in 
head  14,  throw  in  pawl  9  and, 
without  moviQg  cross  feed,  move 
shield  15  to  right  or  left  until 
t«nd  of  shield  and  pawl  are  40 
teeth  apart,  then  drop  latch  13 
in  ratchet  wheel  10. 

VL  Rough  Grind  (11),  .0020" 
Large,  as  follows:  Start  wheel, 
work  and  feed,  1,  2,  3,  and  rough 
grind  automatically  until  shield 
15  lifts  pawl  9.  Then  lock  latch 
head  14,  with  horizontal  latch  16 
(this   locks    coarse   cross   feed). 


Throw  out  pawl  9  and  allow  wheel 
to  pass  over  work  several  times 
until  cutting  nearly  dies  out. 
Stop  work  with  wheel  at  foot- 
stock  end  with  shipper  brake  2, 
shut  off  water  and  measure,  and 
from  reading  subtract  1.0620" 
(1.0640"  -  1.0620"  =  .0020".) 

Vn.  Finish  Grind  (11),  Fig.  11, 
with  pinch  feed  (fine  cross  feed) 
J/1000"  in  diameter  of  work,  as 
follows:  Start  work.  Take  two 
cuts  J/1000"  each  (two  pinches 
at  each  end  of  work) .  Stop  work 
and  measure  (1.0630").  Take 
one  cut  J/1000"  (one  pinch  at 
footstock  end  of  work)  and  meas- 
ure and  repeat  until  work  meas- 
ures 1.0620". 

Limit  1.0620"  to  1.0615". 

Attention,  —  This  shaft  is  for 
running  fit  in  1^*^"  hole.  Hole 
limit  1.0625"  +  or  -.00025". 
See  Running  Fits,  pp.  2l4,  2l5. 

Information.  —  The  equipment 
for  wet  grinding  consists  of  water 
tank,  pump,  piping  and  valve  to 
supply  water  to  work  and  water 
guards,  channels  in  table  and 
frame  to  carry  water  back  to 
filter  and  tank. 

Note.  —  When  through  grind- 
ing, unlock  horizontal  latch  16 
from  latch  head  14,  move  grind- 
ing wheel  back  to  allow  space  to 
mount  next  piece  of  work.  Clean 
machine  with  waste. 

Warning,  —  To  avoid  accident, 
start  grinding  wheel  slowly. 
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43.  To  grind  a  phosphor  hronze  taper  bushing,  A,  Fig.  12. 

Bushing  blank,  phosphor  bronze.  Rough  turned  to  enter 
taper  hole  within  j'  of  small  end. 

Corundum  grinding  wheel  (plain),  12*  X  J*,  No,  54,  Grade  M, 
vitrified. 

Speed  of  wheel,  6500  F.P.M.     Speed  of  work,  75  F.P.M. 

Feed,  J  width  of  wheel. 

True  wheel  and  centers. 


Fia.  12.  —  GRmDiNO  a  Bronzk  Tapes  BosHUja. 


Set  automatic  feed  to  feed  .001"  at  both  ends  of  stroke  ^^^ 
to  grind  .002"  large,  then  use  pinch  feed  to  finish. 

Place  bushing  ^1  on  a  built-up  taper  mandrel  B  and  mount 
on  dead  centers. 

Set  swivel  table  to  grind  taper.  To  obtain  correct  taper 
take  light  cuts  and  test  taper  in  taper  hole  in  headstockor 
frame  of  machine,  and  adjust  table  until  taper  fits. 

44.  Adjustments  and  movements  to  operate  universal  and 
tool  grinding  machine,  Fig,  13. 
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FiQ.  13.  —  Gbindino  a  Forcinq  Fit. 


SCHEDULE  OF  PARTS 


1.  Shipper  to  start  and  stop 
pinding  wheel. 

2.  Shipper  brake  to  atart  and 
stop  work. 

3.  Lever  to  start  or  stop  long. 
l»wer  feed  (table  feed). 

4.  Long,  feed  hand  wheel. 

5.  Lever  to  reverse  loi^  feed 
liy  hand. 

6  and  7.  Dogs  to  reverse  long. 
feed  automatically. 

8.  Croaa-feed  hand  wheel. 
^ch  graduation  reduces  work 
1/1000"  in  diameter. 

PiTie  Ctoss  Feed, 

9.  Thumb  nut  for  controUint; 
fine  or  coatse  croas  feed. 


10.    Thiunb  screw  for  operating 
fine  cross  teed. 


ivol 

18.  Spring  knob  for  quick 
adjustment  of  swivel  table. 

19.  Thumb  screw  for  fine  ad- 
justment of  swivel  table.  To 
grind  straight  or  taper,  see  Grad- 
uated Scale  at  end. 

Grinding  Wheels. 

20.  Hand  wheel  to  elevate 
Rrinding  wheel. 
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forcing  fit  on  two  dead  centers,  Fig.  14. 

f"  FORciNo  rrr 


8HAPT  BLANK*  MACHINE  STCEL 

FiQ.  14.  —  Schedule  Drawing. 

Specifications:  Shaft  blank,  machine  steel  rough  turned,  1.015" 
diameter. 

Machines  and  Tools:   Universal  grinding  machine. 

Grinding  wheel  7"  X  J",  No.  80,  Ky  vitrified,  grinding  dog. 

Speed  of  wheel,  6000  F.P.M.     Speed  of  work,  50  F.P.M. 

Feed  \  width  of  wheel  per  revolution. 

Oil  bearings  and  two  dead  centers  with  machine  oil.     Grind  dr>'. 

Thne:  Study  drawing  and  schedule  in  advance,  5  min,  —  Oil 
machine  and  true  wheel,  7  min.  —  Grind  fit  with  machine  "set  up." 
15  min. —  Clean  grinder,  3  mia,  —  Total,  30  min.  ("  Set  up  "  machiDe 
to  grind  straight,  10  min.  extra.) 

SCHEDULE  OF  OPERATIONS 


L   Preparatory   Adjustments* 

True  wheel  and  centers,  p.  709. 
Set  zero  lines  on  swivel  table 
to  grind  approximately  straight. 
See  p.  7l2.  Loosen  nut  9, 
Fig.  13,  and  move  grinding 
wheel  back  with  hand  cross- 
feed  wheel  8  to  allow  space 
to  mount  work.  Mount  shaft  B 
on  centers  with  copper  under  set 
screw  of  grinding  dog  C  Start 
grinding  wheel,  work  and  feed, 
1,  2,  3,  and  adjust  dogs  6,  7  to 
obtain  length  of  stroke  of  part  D 
and  avoid  wheel  touching  shoul- 
der of  work  or  footstock. 

n.  Grind  Trial  Diameter  (12) 
Fig.  14.  (Grind  out  tool  marks 
only.)  Move  grinding  wheel  to 
cut  revolving  work  lightly  with 
coarse  hand  cross-feed  wheel  8. 
Tighten  nut  9  (this  locks  coarse 
cross  feed),  and  use  fine  cross-feed 


thumb  screw  10.  Graduations  on 
cross  feed  reduce  work  1/1000"  iii 
diameter.  Take  two,  three,  or 
four  trial  cuts  (J/IOOO"  each),  to 
grind  out  tool  marks,  feeding  at 
footstock  end  only,  and  allow 
wheel  to  pass  over  work  several 
times  \mtil  cutting  nearly  dir:? 
out,  then  stop  table  and  work 
with  grinding  wheel  at  footstock 
end  with  shippers  3,  2. 

nL  Correct  Strai^^tness.  Meas- 
ure work  at  both  ends  with  2" 
micrometer  and,  if  not  straight, 
move  swivel  table  (see  p.  7l2). 
Take  one  or  two  cuts  with  fine 
cross  feed.  Measure  and  repeat 
until  machine  grinds  straight. 
If  there  is  danger  thereby  of 
grinding  shaft  too  small,  use  trial 
piece  same  length. 

IV.  Find  Amount  Oyersize. 
Measure  work  with  2"  microm- 
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eter.  Subtract  rough  diameter  of 
work  1.0025"  +  .002"  for  finish- 
ing from  reading  of  micrometer. 
For  example,  reading  of  microm- 
eter maybe  1,012",  then  1.012"- 
1  .O045"  ■  .0075"  for  rougfi  grind- 

V.  Roneb  Grind  (13),  .003" 
Larse,  as  follows:  Use  i/1000" 
cuts  with  thumb  screw  10  at  foot- 
stock  end  only,  as  foUows:  Take 
12  cuts  and  measure  (1.0060"); 
tokeS  cuts  and  measure  (1.0045"). 


VI.  Finish  Grind  (12),  Fig.  14. 
Use  1/1000"  cuts  and  feed  at 
footstock  end  only,  as  follows: 
Take  5  cuts  and  measure 
(1.00325");  take  one  cut  apd 
measure,  and  repeat  until  work 
measures  1.0025".  Limit  1.0025" 
to  1,0020.". 

AUention.  —  This  shaft  is  to  be 
forced  into  1"  hole.  Hole  limit 
1000" -I- or -,00025".  See  Forc- 
ing Rts,  p.  217.  Clean  machine 
with  bru^  and  waste. 


46.  To  grind  a  shoulder,  Fig.  15. —Spindle,  crucible  steel. 
Grinding  wheel  (plain)  12'  X  i",  No.  60,  Grade  K,  vitrified. 
Speed    of    wheel, 

5000  F.P.M.     Speed  "r^'^uw'uL'wKm^S^zT 

of  work,  50  F.P.M. 

Feed,  J  width  of 
wheel. 

True  wheel  and 
centers.  Set  machine 
to  grind  straight. 

Mount  spindle 
blank  A,  recessed  aa 
at  B  for  side  clear- 
ance, on  centers. 
Control  depth  of  cut 
by  long,  feed,  and  feed  by  cross  feed.  If  shoulder  is  large 
use  special  wheel  mounted  on  end  of  wheel  spindle  C  and 
set  swivel  }°  from  90°  to  give  clearance. 

47.  Plain  grinding  machine  for  commercial  grinding, 
Fig.  16.  — The  essential  parts  of  this  machine  are  similar  to 
those  of  a  universal  grinding  machine  except  that  the  head- 
stock  and  wheel  slide  do  not  swivel,  and  the  swivel  table  forma 
a  water  guard.  It  is  designed  for  straight  and  taper  outside 
work  only.     It  iB  made  strong  and  rigid  to  grind  work  rapidly. 


Fio.  15.  —  GRiNDiNa  A  Shoci 
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Some  plain  grinding  machines  liave  a  traveling  grinding 
wheel  instead  of  a  traveling  table. 

48.  To  grind  cast-iron  roll,  A,  Fig.  16. 

Roll  blank,  cast  iron.     Kough  turned  .010'  to  .020*  large. 

Alundum  grinding  wheel  (plain)  20"  X  2*,  No.  24  Combi- 
nation, Grade  K,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed, }  width  of  wheel. 

True  wheel  and  centers.     Set  machine  to  grind  ntraight. 

PLA.IN  OniNDING  MACHINE 


Fia.  16.  —  GiuNDiMa  a  Cast-iron  Roll. 

Set  automatic  feed  to  feed  at  both  ends  of  stroke  and  to 
grind  .002"  large,  then  use  pinch  feed  to  finish. 

Mount  roll  A  on  dead  centers. 

Place  universal  back  rests  6  to  10  diameters  apart  and  griod 
to  required  diameter  with  water. 

49.  To  grind  slender  shaft,  A,  Hg.  17. 

Shaft  blank,  machine  steel  smooth  turned  .012*  large. 

Alundum  grinding  wheel  (plmn)  12"  X  i",  No.  60,  Grade  Li 
vitrified. 


PROBLEMS  IN  CYLINDRICAL  GRINDING  723 

Speed  of  wheel,  6500  F.P.M.     Speed  of  work,  90  F.P.M. 

Feed,  J  width  of  wheel. 

True  wheel  and  centers.     Set  machine  to  grind  straight. 

Set  automatic  feed  to  feed  at  both  ends  of  stroke  and  to 
grind  .002"  large,  then  use  pinch  feed  to  finish. 

Mount  shaft  A  on  dead  centers.  Place  three  universal 
back  rests  B  against  shaft,  6  to  10  diameters  apart,  see  Fig.  17, 
and  grind  to  required  diameter. 


Fia.  17.  —  GRiNsiNa  a  Slender  Ssaft. 

60.  Back  rests,  plain  and  universal,  are  fixtures  used  to 
reduce  vibration  and  permit  a  greater  depth  of  cut  on  straight 
and  taper  work  both  large  and  small. 

The  plain  rest  has  a  single  shoe  of  wood  or  soft  metal  and  is 
used  for  small,  short  work. 

The  universal  rests  B,  B,  B  can  be  delicately  adjusted. 
Select  bronze  shoes  1, 1,  1,  (see  detail)  the  size  of  finished 
work,  move  screws  2  to  maintain  contact  of  shoe  upon  work 
while  grinding  trial  piece,  and  adjust  stop  screw  3  to  preserve 
diameter  when  finished. 

Adjust  screws  4  and  5  to  regulate  pressure  of  springs  upon 
shoes  and  work. 
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Duplicate  pieces  are  ground  without  disturbing  adjustments 
except  slightly  for  wear  of  shoe  2  and  diametei  3. 

Follower  rest  C  is  used  on  slender  work  that  has  been  rough 
ground  .001*  large.  It  cannot  be  used  on  taper  work.  Adjust 
with  wheel  and  work  in  motion. 

61.  Automatic  magnetic  sizing  grinder,  Fig.  18. 

The  mechanical  automatic  feeding  mechanism  is  electrically 
controlled  and  duplicates  strught  and  taper  work  regardless 
of  wear  of  grinding  wheel. 

A  eoarse  feed  for  roughing  automatically  switches  to  a  fine 
feed  for  finishing,  and  when  work  is  finished  to  siie  the  feed 
automatically  stops. 

62.  To  rough  and  finish  grind  spindles  in  an  automatic 
magnetic  sizing  grinder,  Fig.  18.    Duplicate  work. 

Spindle  blank,  machine  steel,  rough  turned  0.020'  large. 
Corundum  grinding  wheel  (plun)  18*  X  li',  No.  40,  Grade 
M,  vitrified.  i 

Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  50  F.P.M.       [ 
Feed,  j  width  of  wheel. 
True  wheel  and  centers.     Set  machine  to  grind  straight. 


Fia.  18.  —  Adtomatic  Bizata  DsvicB  Km  Gkikdimq  Dtn>ucATi  Wort. 
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To  set  automatic  sizing  device,  rough  and  finish  grind  one 
piece  to  required  size  with  automatic  mechanical  feed,  and  use 
this  as  a  master  piece  to  set  sizing  device.  Race  diamond- 
point  bearer  A,  on  master  piece  B  and  adjust  arm  C  by  screw 
D  to  make  an  electrical  contact.  Then  mount  blank  for  next 
piece  on  centers.  Adjust  coarse  feed  for  roughing  by  screw  E 
to  feed  001'  at  each  end  of  stroke,  and  adjust  screw  F  to 
have  magnet  G  throw  out  the  coarse  and  throw  in  the  fine 
feed  one  tooth  (one-eighth  thousandth)  when  piece  is  within 
.002*  of  size. 

Magnet  H  throws  out  latch  J  and  stops  feed  when  piece  is 
ground  to  correct  diameter 

Attention.  —  The  coarse  and  fine  feeds  and  the  amount 
allowed  for  finishing  may  be  varied  for  different  classes  of 
work.  Dry  batteries  or  a  plug  in  a  lamp  socket  of  a  direct- 
current  circuit  will  operate  device, 

63.  To  grind  a  straight  and  taper  bearing  on  a  spindle, 
Elg.  19. 

Spindle  blank,  crucible  steel  unannealed.  Rough  turned 
.OIC  to  020*  large. 

Corundum  grinding  wheel  (plain)  12'  X  1*,  No.  54,  Grade  M, 
vitrified. 

Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  50  F.P.M. 

Feed,  ^  width  of  wheel. 

True  wheel  and  centers. 


—  Grinsinq  a  Taper  Spindlii. 
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Set  automatic  feed  to  feed  .001'  at  both  ends  of  stroke  and 
to  grind  .002*  large,  then  use  pinch  feed  to  finish. 

Mount  epindle  A  on  dead  centers. 

Place  two  universal  back  rests  B  and  B'  against  atraigbt 
portions  of  work.  After  straight  portions  are  ground,  set 
swivel  table  to  grind  taper  bearing  C.  To  obtain  correct 
taper,  take  light  cuts,  try  taper  in  box  and  adjust  table  until 
taper  fits.     Use  Prussian  blue  for  marking  in  taper  hole. 

64.  To  grind  taper  collet,  A,  Fig.  20. 

Collet  blank,  machine  steel.  Rough  turned  .010'  to  .020' 
large  and  recess  at  B. 

Corundum  grinding  wheel  (plain)  12'  X  J',  No.  54  Combi- 
nation, Grade  M,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed,  ^  width  of  wheel. 

True  wheel  and  centers. 


Fio.  20.  —  Grindino  a  Tafbr  Collbt. 

Set  automatic  feed  to  feed  at  both  ends  of  stroke  and  to 
grind  to  .002"  large,  then  use  pinch  feed  to  finish. 

Place  stxib  mandrel  C,  C  in  taper  hole  of  collet  A,  mount  on 
centers. 

Set  swivel  table  to  grind  taper.  To  obtun  correct  taper, 
take  light  cuts,  try  taper  in  gage  or  spindle  hole  and  adjust 
table  until  taper  fits.  Use  Prussian  blue  for  marking  in 
bole. 
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IBTERNAL  GBIHDING 

66.  Internal  grinding  is  the  process  of  grindit^;  straight  or 
taper  holes  smooth  and  true,  in  gears,  milling  cutters,  gages, 
apindles,  cylinders,  machine  parts,  etc., 
hardened,  case-hardened  or  unhardened. 
Special  internal  grinding  machines,  and 
uitemal  grinding  attachments  are  used 
for  universal  and  cutter  grinding  ma- 
chines. Softer  wheels  are  used  than  for 
external  grinding  as  the  contact  is  Fio.  21.  — Duiection  of 
greater.   Fig.  21  shows  relation  of  work     Rotation  or  Work  and 

J     ,      ,  Wheel   roB  Intebnal 

""*^^««1-      .      .  .  Grinding. 

Vitrified  grinding  wheels  for  internal 
grinding  range  from  }"  to  2J"  in  diameter,  and  from  J"  to 
I"  face.     They  are  made  from  Nos.  120,  90,  80,  70  and  60 
of  the  different  abrasives  in  grades  J,  K,  \,  J  and  1.     Elastic 
wheels  are  used  for  brass. 

Allowances  for  internal  grinding  should  be  much  less  than 
for  external  grinding  as  the  operation  is  much  slower  on 
account  of  the  email  wheel  and  lack  of  rigidity. 


Fio.  22.  —  Gxindino  Hole  m  Autouobile  Gear. 

66.  To  set  machine  to  grind  straight  hole,  select,  shaft 
about  \\"  diameter  and  longer  than  hole  to  be  ground  and 
mount  in  chuck.  Grind  shaft  and  adjust  swivel  head  until 
machine  grinds  perfectly  straight,  then  arraoge  machine  for 
internal  grinding. 

57.  To  grind  hole  in  case-hardened  automobile  bevel  gear, 
Fig.  22. 
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Speciflcations :  Ge&r,  case-hardeaed.    Hole  0.010"  small. 

Machine  and  tools:  Universal  grinding  machine,  grinding 
wheel  (plwn)  2"  X  |" ,  No.  46,  Grade  K,  vitrified.  Plug 
gage. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed:  Set  automatic  cross  feed  to  feed  .001"  at  one  end  of 
stroke  only  and  to  grind  .002"  small;  then  use  pinch  feed  to 
finish  or,  after  first  cut,  lock  cross  feed  and  use  pinch  feed  for 
both  roughing  and  finishing. 

True  wheel.     Set  machine  to  grind  straight. 

Arrange  machine  for  internal  grinding,  clamp  fixture  A  to 
wheel  stand.  Fasten  gear  B  to  face  plate  by  clamps  C  anJ 
true  up  gear  by  indicator  and  soft  hammer.  Rough  and 
finish  grind  hole  D  and  face  E  before  removing  work  from 
face  plate.     Test  hole  with  plug  gage  or  inside  microraeter. 

S8.  To  grind  hole  in  milling  cutter,  Fig.  23. 


Fio.  23.  —  Grinding  Hole  in  Milliho  Cuttkr. 

Speciflcatioits :  Cutter  hardened.    Hole  .008"  small. 

Machine  and  tools:  Universal  and  tool  grinding  machine, 
grinding  wheel  (plain)  |"  X  i",  No.  60,  Grade  L,  vitrified' 
Plug  gage. 
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Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  50  F.P.M. 

Feed,  power  long.,  automatic  or  hand  cross  feed. 

True  wheel.    Set  machme  to  grind  straight. 

Airai^  cutter-grinding  machine  for  internal  grinding. 
Set  grinding  wheel  head  height  of  centers  by  gage,  and  clamp 
fixture  A  to  wheel  bead.  Insert  special  chuck  with  expand- 
ing bushing  B  in  Bpindte. 

To  eet  cutter  true,  clamp  cutter  C  lightly  to  face  plate, 
expand  bushing  with  screw  D,  then  clamp  cutter  firmly, 
loosen  and  remove  bushing. 


Fio.  24-— GKiNDiNa  Standard  Ring  Gaoe. 

69.  Special  internal  grinder,  Fig.  24,  is  used  for  grinding 
holes  as  small  as  tJh"  ^  diameter  with  a  range  of  speed  from 
10,000  to  100,000  R.P.M. 

Small  boles  are  ground  with  a  steel  plug  charged  with 
diamond  dust  or  powdered  bort. 

To  prevent  the  grinding  wheel  from  following  the  curve  of 
the  bole  caused  by  the  hole  being  smaller  at  the  middle  than  at 
the  ends  due  to  shrinkage  in  hardening,  the  table  feed  is  con- 
trolled by  a  mechanism  which  retards  and  accelerates.  It  is 
progressively  slower  from  near  end  to  middle  of  gage  and 
progressively  faster  from  middle  to  far  end,  and  inversely. 
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60.  To  grind  1"  standard  ting  gage,  Fig.  24. 
Specifications:    Carbon  steel  gage  blank,  hardened.     Boie 

.005"  to  .008"  small. 

Machine  and  tools:  lotemal  grinding  machine,  grindiiifr 
wheel  f "  X  J",  No.  70,  Grade  J,  vitrified.  For  very  fine 
finishing,  use  No.  120,  Grade  J,  vitrified. 

Speed  ofwheei,6000F.P.M.  (30,000  rev.).  Speed  of  work, 
65P.P.M.  (250rev.). 

Feed,  autoaiatic. 

True  wheel.    Set  machine  to  grind  straight. 

Mount  gage  A  in  special  draw  in  chuck  B.  Adjust  to  re- 
tard feed  in  center  of  gage.  Grind  and  test  with  limit  gages 
C,  D.    Allow  .0004"  for  lapping. 

AUevtion.  —  Adjust  stroke  to  reverse  wheel,  as  at  £  and 
F  to  avoid  grinding  ends  of  hole  tapering. 

61.  To  grind  taper  hole  in  spindle,  I^g.  25. 


Fio.  25.  —  GttiNDiNn  Taper  Hole  in  Spindlb. 

Specifications:  Crucible  steel  spindle  blank.  Taper  bole 
.010"  small. 

Machine  and  tools:  Universal  grinding  machine,  grindinf; 
wheel  (plain)  f "  x  f"  No.  80,  Grade  J,  vitrified. 

Speed  of  the  wheel,  5000  F.P.M.    Speed  of  work,  60  F.P-M. 

Feed,  automatic. 

True  wheel. 
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Depth  of  cut  is  obtained  by  hand  cross  feed. 

Mount  one  end  of  spindle  A  on  dead  center  with  dog  fas- 
tened to  face  plate  by  belt  lacing  BB'  and  the  other  end  in 
steady  rest  C  with  a  strip  of  cloth  under  jaws.  Set  swivel 
table  to  grind  taper.  To  obtain  correct  taper  take  light 
cuts  with  grinding  wheel  D,  try  gage  E  in  taper,  and  adjust 
table  until  taper  fits.     Use  Prussian  blue  for  marking. 

Attention.  —  Set  swivel  table  for  slight  tapers,  and  grindii^ 
wheel  slide  for  steep  tapers  and  large  angles.  Hold  short 
work  in  a  chuck. 


Pia,  26.  —  Grindino  Adtouobiu:  Enoinb  Cvundbr. 

62.  To  grind  automobile  cylinder,  Fig.  26. 

Use  cylinder  grinding  machine  to  grind  round,  straight 
and  smooth  bores  in  gas-engine  cylinders  and  other  work 
held  stationary,  wet  or  dry. 

Eccentric  head  ^,  is  an  eccentric  within  an  eccentric  and 
gives  spindle  B,  which  runs  in  eccentric  extension  sleeve  C 
and  wheel  D,  a  planetary  motion  and  also  provides  a  feed  by 
worm  screw  E  for  feeding  wheel  to  its  cut  and  to  grind  to 
correct  diameter. 
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Specifications :  Engine  casting.    Bore  0.010''  small. 

Machine  and  tools:  Cylinder  grinding  machine^  grinding 
wheel  (plain),  W  X  f"  (offset),  No.  46,  Grade  J,  vitrified. 
Inside  micrometer  gage. 

Speed  of  wheel,  6000  F.P.M.    Speed  of  work,  50  F.P.M. 

True  wheel. 

Set  and  clamp  rough-bored  automobile  cylinder  F  to  angle 
plate  (j.  Aline  bore  of  cylinder  H  with  spindle  and  grind, 
then  move  cross  slide  J  and  aline  bore  of  cylinder  H'  and 
grind.     Measure  with  inside  micrometer  or  gage. 


ADYANCED   MACHINE   WORK 

SECTION  8 

SURFACE  GRINDING    CUTTER  GRINDING 

Surface  Grindins.    Surface  Grinding  Machines.    Problems  in  Surface 

Grinding.    Cutter  Grinding.    Adjusting  Tooth  Rest  and  Wheel 

for  Obtaining  Clearance.    Problems  in  Cutter  Grinding. 

SURFACE  GRINDING 

1.  Stuf  ace  grinding  machines  are  used  to  grind  accurately 
9at  surfaces  of  rough-planed  or  milled  work  hardened,  case- 
hardened  or  unhardened.     See  Grinding  Wheels,  pp.  704-710. 

High-power  vertical  manufacturing  surface  grinders  are 
used  to  grind  castings  and  drop  forgings  from  the  rough, 
rapidly  and  accurately.  Surface  grinding  is  also  used  where 
accuracy  is  not  required  and  takes  the  place  of  filing  and 
polishing,  saves  time,  files  and  emery  cloth.  The  work  is 
either  clamped  to  table,  held  in  chuck  or  fixture,  or  held  by 
magnetic  chuck. 

SURFACE  GRINDING  MACHINES 

2.  Surface  grinding  machine  described,  Fig.  1. 


SCHEDULE 

OF  PARTS 

A  —  Base  fitted  with  locker. 

G  —  Grinding  wheel  head. 

B  —  Table. 

H  —  Handle  to  elevate  wheel 

C  —  Hand  long-feed  handle. 

headG. 

D  —  Hand  cross-feed  handle. 

/  —  Exhaust    pipe    to    carry 

E  —  Automatic    feed    adjust- 

away dust. 

ment. 

K  —  Magnetic  chuck. 

F  and   F'  —  Reversing   table 

L  —  Switch  for  turning  electric 

dogs. 

current  on  or  off. 

8oi 
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PROBLEMS  IN  SURFACE  GRINDING 

3.  To  grind  thin  machine  parts,  Multiple  grinding,  Fig.  1. 

umraoa  orinoino  machine  Specifications :  Ma- 

terial, carbon  eteel 
rough  planed  0.020" 
large  and  hardened. 

Machine  and  tools: 
Surface  grinding  ma- 
chine, grinding  wheel 
(plain)  9"  X  f",  No. 
46,  Grade  }  TF,  sili- 
cate. 

Speed  of  wheel,5000 
F.P.M.  Speedofwork, 
20  F.P.M. 

Feed,  hand  or  auto- 
matic. 

True  wheel. 

Mount  work  M  (six 
pieces  at  once),  on 
magnetic  chuck. 

Finish  grind  one 
side,  reverse  and  light 
grind.  Remove  work 
and  measure  with  mi- 
crometer, replace  and 
Fio.  1.  — Grinding  Thin  Work  Held  by  grind  to  size. 

Magnetic  Chuck  on  Sdrfacb  Grindino        AUention.  —  Sorae 
Machine.  work  is  rough  ground 

on  both  sides,  to  relieve  strains  before  finishing. 

4.  Magnetized  master  blocks.  — Steel  blocks  hardened, 
ground  and  lapped  square  or  at  any  desired  angle  and  magnet- 
ized, are  used  to  hold  work  on  magnetic  chucks  to  reproduce 
different  angles  accurately.  Work  may  be  held  directly  on 
block,  or  more  firmly  by  placing  the  work  between  two  blocks, 
F^.  2,  so  that  the  magnetic  circuit  will  pass  through  all  three- 
See  Magnetic  Chucks,  pp.  623-626. 
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6.  To  grind  work  sqaare  held  witli  magnetized  master 
blocks,  Figs.  2,  3. 


Fio,  2. — SquABiNQ  8n»B  op  Work  Fio.  3. — SguABtNO  End  of  Work 
ON  Magnetic  Cbdck,  UaiNo  on  Magnetic  Cbcck,  Using 
Maoketizeo  Masteb  Blocks.  Magnetized  Master  Blocks. 

Specificatioos :  Material,  carbon  steel  planed  0.010"  large 
and  hardened. 

Machine  and  tools:  Surface  grinding  machine,  grinding 
wheel  (plain)  9"  X  S",  No.  46,  Grade  |  W,  silicate. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  20  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel. 

SCHEDULE  OF  OPERATIONS 

I.  Place  master  blocks  A,  A',  III.  Place  surface  D  against  A 
on  magnetic  chuck,  Fig.  2,  with     and  grind  F. 

brass  wire  B  (non-magnetic)  be-  IV.   Place  surface  E  against  A 

tnecn   as  packing  block.     Place  and  grind  O. 

work  C  between  blocks,  turn  cur-  V,    To  square  ends  place  master 

rent  on  chuck  to  hold  work  and  blocks  H,  H',  on  magnetic  chuck, 

grind  surface  D.  Fig.  3,  with  work  C  on  end  sep- 

II.  Place  surface  D  against  A  arated  from  table  by  piece  of 
and  grind  E.  brass  J,  and  grind  end  K,  reverse 

block  and  grind  opposite  end. 
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6.  To  grind  «tigiii«r  work,  Fig.  4, 


Fia.  4, — GRiNomo  Anodlar  Work  on  Maqnetic  Chuck,  Vema 
MAGNimEED  Master  Blocks. 

Specifications :  Material,  carlwn  steel  rough  planed  O-OIO" 
large  and  hardened. 

Machine  and  tools :  Surfan 
grinding  machine,  grinding 
wheel  (plain)  9"  X  i",  ^"o 
60,  Grade  1  W,  silicate. 

Speed  of  wheel,  50O0F.F.M. 
Speed  of  work,  20  F.P.M. 
Feed,  hand  or  automatic. 
True  wheel- 
Place  square  master  block 
B  and  angular  master  block  C 
on  magnetic  chuck  withbrss 
wire  D  between,  in  such  a  pc^ 
ition  that  the  magnetic  circui' 
is  completed  throi^  the  tw 
blocks  and  the  work.    Place  work  A  on  angular  block  aid 
grind  top  surface.  I 
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7.  To  grind  surface  of  casting,  Fig.  5. 
Specifications:  Iron  casting  rough  planed. 

Machine  and  tools :  Cutter  grinder,  clamps,  crystolon  or  cax- 
barundum  wheel  (disk)  6"  X  I",  No.  36,  Grade  M,  vitrified. 

Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  50  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel. 

Clamp  casting  A  to  table  plate  B,  adjust  revolving  wheel 
to  touch  work  lightly  and  grind. 

8.  Surface  grinding  with  planer  type  surface  grinding 
machine^  Fig.  6. 

Carborundum  wheeu  36  M  vitrified 


FiQ.  6.  —  Sna^ACB  Orindinq  Machine.     Planer  Type. 

Specifications:  Material,  iron  casting  planed  0.010"  large, 
to  be  ground  on  both  sides  to  produce  a  good  Snish. 

Machine  and  tools :  Surface  grinding  machine,  planer  type, 
grinding  wheel  (plain)  9"  X  I",  No.  36,  Grade  M,  vitrified. 

Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  20  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel. 

This  machine  is  similar  to  planer  with  the  addition  of  hand 
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long,  feed  wheel  A.    Grinding  wheel  B  is  driven  from  drum  C. 
Work  D  ia  clamped  to  table. 

9.  Surface  grinding  wifii  motor-driven   vertical   s^ndle 
surface  grinding  machine,  Fig.  7. 


Fio.  7.  —  MoTOR-DKivEN  ViiBTic4L  SpiNDLS  SnRFACB  Grindino        I 
Machimb.  I 

Specifications:  Cast-iron  bearing  in  the  rough  ^"  to  i^i"   { 
large. 

Machine  and  tools:  Motor-driven  surface  grinding  machine, 
grinding  wheel  (ring)  18"  X  5"  X  li"  face,  No.  20,  Grade  C,   ^ 
vitrified  carbolite. 

Speed  of  wheel  4200  F.P.M.    Speed  of  work  90  F.P.M. 

Feed,  hand  or  automatic.  I 

True  wheel.  , 
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This  is  a  type  of  high-power  vertical  grioding  machine  used 
for  grinding  castings  and  forcings  from  the  rough,  as  cast-iron 
bearings  A,  with  ring  wheel  B.  The  grinding  wheel  has  large 
contact  and  to  grind  work  rapidly  a  coarse  feed  and  a  stream  of 
water  is  used.  Work  is  held  on  rotating  magnetic  chuck  C  by 
magnetic  attraction.  The  work  is  prevented  from  slipping  by 
a  ring  placed  around  the  chuck  and  projecting  J  of  an  inch  or 
more  above  it. 


Fig.  8.  —  Grindino  Piston  Rinq. 


10.  To  grind  piBton  ring,  Fig.  8. 

Specifications:  Material,  cast-iron  piston  ring,  tumerl  and 
squared  0.010"  large. 

Machine  and  tools:  Special  grinding  machine,  grinding 
wheel  (plain)  9"  X  f",  No.  36,  Grade  M,  vitriBed. 

Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  100  F.P.M. 

Feed,  hand  or  automatic. 

True  wheel.    Set  machine  to  grind  straight. 

Mount  ring  A  on  magnetic  rotary  chuck  and  grind.  Re- 
move work  and  measure  with  micrometer.  With  a  fine  feed 
a  smooth  finish  may  be  obtained. 
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CUTTER  GRINDING 

11.  Cutter  grinding  nuchinee  are  used  to  grind  clearances   i 
on  cutters,  reamers  and  similar  work.     They  are  also   used 
for  light  cylindrical  and  surface  grindii^  and  are  a  necessary  , 
supplement  to  milling  machines.  I 

12.  Cutter  grinding  nuchines  described,  Fig.  9.  I 

SCHEDULE  OF  PARTS 

A  —  Column. 

B  —  Knee,  can  be  swivcled 
completely  around  column  and 
adjusted  up  or  down. 

C— Table.    C— Swivel  table. 

D  —  Universal  headstock,  has 
vertical  and  horizontal  adjust- 
ment    on     head     graduated    in 


E — Footstock  bafi  a  compen- 
sating center  to  allow  for  expan- 
sion of  work  during  grinding. 

F  —  Grinding  wheel  head. 

G — -Long,  feed  handle. 

H  —  Long,  feed  lever. 

/  —  Cross^eed  handle. 

K — Table-elevation  handle. 

1.  Tight  and  loose  puU^  for 
driving  grinding  wheel  mecha- 
niam. 

2.  Belt  to  drive  grinding  wheel 

3.  Shipper  to  start  and  stop 
grinding  wheeL 

4.  Ti^tand  loose  pulley  mech- 
anism for  work. 

5.  Work  drum. 

6.  Belt  to  drive  work. 

7.  Shipper  to  start  and  stop 
Tool  Grinder.                      work. 
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13.  To  grind  centers,  Fig.  10.  —  Adjust  vertically  to  bring 
work  centers  same  height  as  wheel  spindle.  Belt  machine  to 
revolve  center.  Remove  Uve  center,  clean  hole  with  waste, 
insert  center.  Swivel  table  to  .30°.  Use  power  feed  and 
grind.     Test  with  60*  center  gage. 


SWIVEL  TABLE  SET  30' 

Pia,  10.  —  Gbindikc  Centbr  with  Cuttbb  Grindinq  Macbinx. 


14.  To  grind  straight.  —  Setting  to  zero  tines  at  scale  end 
13  sufficiently  accurate  for  ordinary  cutter  grinding,  but  for 
reamer  grindit^  and  to  obtain  accuracy,  grind  trial  piece  on 
centers  and  adjust  until  desired  accuracy  is  obtained.  See 
Setting  Swivel  Table  for  Straight  Grinding,  p.  7l2. 

15.  Grinding  wheels  for  cutters  should  not  be  finer  than 
90  or  coarser  than  46,  and  of  soft  or  medium  grades  /,  J  or  K. 
Periphery  speed  of  wheel  should  be  about  5000  feet  per 
minute. 

16.  Depth  of  cut  and  feed.  —  Take  light  cuts  from  .002" 
to  .004"  and  move  cutter  rapidly  across  face  of  wheel,  if 
necessary  go  around  cutter  two  or  three  times  rather  than 
take  a  heavy  cut  which  would  draw  the  temper. 
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ADJUSTING  TOOTH  REST  AND  WHEEL  FOR  OBTAIXIXG    I 
CLEARANCE  | 

17.  Center  height  gage.  —  To  set  center  of  wheel  Bpindle  at  I 


Fio.  11. — Settino  Grinding  Wbeel  Heiqht  or  Cbhtbbb. 

height  of  work  centers,  raise  wheel  head  or  lower  table  until 

centering  lug  j4,  Fig.  11,  is  same  height  as  center  height  gag^^- 

Tooth  rest  A,  Figs.  12,  13,  supports  tooth  when  grinding 


Pig.  12,  —  Sbttino  Tooth  Rest  Height  op  Center  Rest  Fm"**" 
TO  Table. 

clearances  on  cutters  and  reamers,  and  is  set  at  heign*  i 
work  centers  by  center  height  gage  B,  Figs.  12,  13. 


ADJUSTING  TOOTH  REST  AND  WHEEL 


18.  Cutter  and  reamer  clearances.  —  Milling  cutters  under 
3"  in  diameter  are  given  a  tooth  clearance  of  from  6°  to  7°; 
those  3"  and  over,  4°  to  5°,  see  Figs.  14,  15. 


Via.  14.  —  Anolb  op  Tbbth  and  Fiq.  15.  —  Me^uurinq  Clearancb 
WnvTH  or  Land  of  Milling  of  Teeth  of  Millinq  Cotter. 
Odttbr. 


Fia.  16.  —  Reamer  Clearancb. 
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Reamers  are  given  4"  clearance,  as  at  ^,  Fig,  16. 

Reamers  with  thick  teeth  are  given  a  double  clearance; 
the  first  about  3°  and  the  second  6°,  as  at  £,  to  remove  stock 
and  leave  a  narrow  land  back  of  cutting  edge.  Some  makers 
give  reamers,  C,  a  convex  clearance,  as  at  D. 

19.  Disk  and  Cup  wheels.  —  Cutters  and  reamers  are 
ground  by  two  methods  either  the  periphery  of  disk  wheels 
or  the  side  faces  of  cup  wheels. 

Disk  Wheels  give  a  slightly  concave  clearance,  while  cup 
wheels  give  a  straight  line  clearance.  The  tendency  seems 
to  favor  the  latter  method  for  wide  lands. 

20.  Direction  to  revolvB  wheel.  —  Fig.  17,  shows  two 
methods  (down  and  up)  of  grinding  cutters  and  i 


There  is  a  difference  of  opinion  as  to  which  method  produces 
the  keener  cutting  edge.  The  "  down  "  method  is  safer  aa 
the  tooth  cannot  be  lifted  by  action  of  wheel. 

21.  To  obtain  clearances  on  cutter  and  reamer  teeth  when 
grinding  with  disk  wheels,  Fig.  17.  —  Set  tooth  rest  at  height 
of  work  centers  with  center  height  gage  and  center  of  whed 
spindle  (dial  at  zero)  in  same  plane.  Then  raise  wheel  (of 
lower  table  on  some  grinders)  amount  for  clearance,  as  alj 
A,  A'  which  varies  with  angle  of  clearance  and  diameter  irf 
wheel  and  is  calculated  by  the  following  formula:  ; 

22.  TocalculateeleTattonfor  Disk  Wheels:  I 
Formula  =  Constant  for  1°  clearance  (.0088")  X  clearance 

angle  X  diameter  of  grinding  wheel,  I 
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Example.  —  To  fiad  elevation  of  wheel  center  for  7"  clear- 
ance angle,  diameter  of  grinding  wheel  6". 

SoluHon,  —  .0088"  X  7  X  6  -  .3696"  or  |";  amount  to  ele- 
vate wheel  or  to  lower  table. 

Example.  —  To  find  elevation  of  emery  wheel  center  for 
4°  clearance  angle,  diameter  of  grinding  wheel  7". 

Solution.  —  .0088"  X  4  X  7  -  .2464"  or  I" ;  amount  to  ele- 
vate wheel  or  to  lower  table. 

Attention.  —  The  tooth  rest  may  be  lowered  to  obtain  clear- 
ance instead  of  raising  wheel  or  lowering  table.  Use  formula 
ss  trial  setting  only.  Test  with  bevel  protractor,  Fig.  15, 
and  change  elevation  if  necessary. 

23.  To  obtain  clearances  on  cutter  and  reamer  teetJi  when 
piuding  with  Cup  Wheels,        oowumethoo  urMiiHOD 
Fig.  18.  — Set  wheel  (or  table) 
dial  at  zero.  Fasten  tooth  rest 
to   wheel   head    (stationary), 
Fig.  13,  and  adjust  to  cent«r 
height  gage.  Then  lower  wheel 
head  (or  raise  table)  amount 
for  clearance,  aa  at  ^  or  A'  pio.  18.— Cot  Wheel.    Relation 
which   varies   with   angle  of      op  Tooth  Rebt,  Miluho  Cotter 
clearance    and    diameter    of 
cutter  or  reamer. 

24.  To  calculate  distance  to  lower  tootli  rest  for  Cup 
Wheels. 

Form%da  =  Constant  for  1°  clearance  (.0088")  X  clearance 
angle  X  diameter  of  cutter  or  reamer. 

Example.  —  1"  hand  reamer  has  angle  clearance  of  4". 
Find  amount  to  lower  tooth  rest. 

SoliUiim.  —  .0088"  X  4  X  I  =  .0352"  or  ^"  +. 

Example.  —  1"  hand  reamer  has  two  clearance  angles  on 
each  land,  see  p.  8l  1,  Ist  of  3°,  2d  of  6°.  Find  amount  to  lower 
tooth  rest. 

SoluHon /or  3°.  —  .0088"  X  3  X  1  =  .0264"  or  n^,"  -. 

Soltttionfor  6°.  —  .0088"  X  6  X  1  =  .0528"  or  ^j"  +. 
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25.  Indexing  cutters  and  reamsrs.  —  To  grind  the  teeth 
80  that  each  tooth  will  be  a  counterpart  of  the  others,  the 
cutter  or  reamer  is  indexed  from  the  teeth  with  the  tooth 
rest.  After  the  tooth  reat  and  cutter  are  properly  adjusted, 
a  tooth  is  pressed  lightly  on  tooth  rest  by  hand  and  ground. 
To  grind  next  tooth,  first  index  by  revolving  cutter  backward 
against  spring  tooth  rest,  then  press  the  tooth  to  be  ground 
lightly  on  the  tooth  rest  and  grind.  Repeat  process  until 
all  the  teeth  are  ground. 

PROBLEMS  IN'  CUTTER  GRINDING 

26.  To  grind  clearance  on  teeth  of  plain  twilling  cutter 

Fig.  19. 


Fig.  19. — GRiNDiNa  Plain  Milunq  Cdtter. 

Specifications :  Plain  milling  cutter  2^'  X  i". 

Machine  and  tools :  Universal  tool  and  cutter  grinder,  head 
and  footstock,  tooth  rest  and  holder,  grinding  wheel  (disk) 
7"  X  i",  No.  60,  Grade  /  or  J,  vitrified.     Beve!  protractor. 

Speed  of  wheel,  5000  F.  P.M.    Hand  feed  (lever),  1"  mandrel. 

Grind  dry. 

Time :  3  min.  (once  around)  with  machine  "  set  up." 


GRINDING  A  MILLING  CUTTER 


SCHEDULE  OF  OPERATIONS 


OU  machine. 

True  whed.  Set  machine  to 
nnd  Btnu^t. 

L  Hold  cottar.  Place  cutter  A 
1  plain  mandrel  B,  or  gang  man- 
rel. 

n.  Set  tooth  rest  Clamp  tooth- 
st  holder  to  table  and  set  tooth 
8t  <7  at  height  of  centers,  a^ 
I  Figa.  11, 12,  with  center  height 
»ge  or  surface  gage,  and  elevate 
mter  of  wheel  D  j"  above  centera 
ir  a  6"  wheel  and  a  7°  clear- 
nce- 

UL  Giinil  durance.  Mount 
'ork  on  centers.  Start  grinding 
teel.  Press  cutter  lightly  on 
rath  rest.  Move  cutter  to  touch 
ivolviug  grinding  wheel  by  hand 
roBs-feed  wheel  and  take  a  cut 


of  from  .002"  to  .004".  With 
hand  long,  feed  E,  move  cutter 
forward  and  backward  quickly,  to 
grind  clearance. 

IV.  Test  an^e  of  clearance. 
With  bevel  protractor,  teat  angle 
of  clearance,  as  in  Fig.   15;    if 
neceaeary,  change  height  of  wheel 
to  get  desired  clearance. 

V.  Index.  Index  cutter  to  next 
tooth  by  revolving  it  backward 
against  spring  tooth  rest,  then 
press  the  tooth  to  be  ground 
lightly   on   the   tooth   rest  and 

Repeat  until  all  teeth  are 
ground.  Take  cuts  of  from  .002" 
to  .004"  each,  and  go  around  at 
least  twice.  Clean  machine  with 
brush  and  waste. 


Warning. — Take  several  light  cuts  in  preference  to  one 
leavy  cut  that  may  draw  the  temper. 

Information.  —  There  is  no  standard  width  of  land  for  the 
eeth  of  milling  cutters,  but  cutters  not  over  3"  in  diameter 
re  usually  milled  to  ^ve  a  land  of  about  ■},"  in  width,  and 
round  to  give  a  land  of  about  ^^ ". 

AUenHon,  —  Plain  cutters  that  are  made  in  large  lots,  or 


Flo.  20. — Grindiko  Inbbrtbo  Tooth  Miluno  CorrBit, 
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when  used  in  gang  milling,  are  mounted  on  a  mandrel  am 
rotary'^round  to  diameter  before  grinding  clearance. 

27.  To  grind  inserted  tooth  milling  cutter,  Fig.  20. 
Spedfications :  S"  inaerted  tooth  milhng  cutter. 
Machine  and  tools:  Cutter  grinder,  universal  head,  tooti 

rest  and  holder,  grinding  wheel  (cup)  5",  No.  60,  Grade  I 
vitrified. 

Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  wheel.    Set  machine  to  grind  straight. 

For  method  of  grinding  clearance,  see  p.  8l4. 

28.  To  grind  radial  teeth  of  side  milling  cutter,  Fig.  21. 

:l  so  K    vrmMD 


Pia,  21.  —  Ghindino  Radial  Teeth  of  Sidb  MauNo  Cdttkr, 

Specifications :  3  J"  side  milling  cutter. 

Machine  and  tools:  Universat  tool  and  cutter  grinding 
machine,  universat  head,  tooth  rest  and  holder,  grinding 
wheel  (bevel  cup)  6"  X  i".  No.  60,  Grade  K,  vitrified.  Be\-el 
protractor. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

IVue  wheel. 
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Place  cutter  A  od  arbor  B  and  mount  in  holder  in  universal 
tead  C  whicb  has  both  vertical  and  horizontal  adjusUnenta. 
Ldjust  tooth  rest  D  at  same  height  as  center  of  cutter.  Set 
lorizontal  swivel  E  about  J"  away  from  90°,  knee  F  at  90° 
od  vertical  swivel  G  4°  from  90"  to  give  required  clearance. 
taise  wheel  by  hand  wheel  H  to  clear  tooth  below  one  being 
^und  and  move  knee  ^°  from  90°  to  give  wheel  clearance. 
Lrrange  table  dogs  and  grind  teeth. 

Attention.  —  Grind  from  2"  to  4°  clearance  on  teeth  of  side 
tnd  end  mills,  and  from  .001"  to  ,002"  concave  by  setting 
[wivel  head  J"  away  from  90". 

Information.  —  When  the  "  lands  "  of  radial  teeth  become 


Pio.  22.  —  Grindinq  Ep(d  Mill. 

very  wide  from  frequent  grindii^,  the  teeth  may  be  "  stocked  " 
or  ground  by  raising  the  swivel  head  about  30°  and  grinding 
the  teeth  to  a  larger  angle  leaving  narrow  "lands"  to  be 
ground  to  a  smaller  angle  for  clearance. 

29.  To  grind  end  mill,  Fig.  22. 

SpecificationB :  I"  end  mill. 

Machine  and  tools :  Universal  and  tool-grinding  machine, 
universal  head,  taper  shank  holder,  tooth  rest  and  holder, 
grinding  wheel  (bevel  cup)  4"  X  h",  No.  60,  Grade  /  or  J, 
ritrified. 
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Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  wheel. 

Place  Bhank  of  mill  A  in  taper  shank  holder  B  and  i 
in  univerBal  head.  Set  horizontal  swivel  C  about  ^^  av^ 
fi-om  90°.  Set  vertical  swivel  D  at  3"  for  clearance.  Adjia 
tooth  rest  E  to  height  of  mil!  center,  raise  wheel  to  clear  tood 
below  one  beir^  ground  and  set  it  1°  from  90°  for  wheel  cleai! 
ance.     Arrange  table  doga  and  grind  teeth  with  lever  feed. 

30.  To  grind  angular  cutter,  Fig.  23. 


Fig.  23.  —  Grikdino  AnouiiAB  Milunq  Coxtbb. 

Specifications :  70°  angular  milling  cutter. 

Machine  and  toots:  Cutter  grinder,  swivel  head,  tooU: 
rest  and  holder,  grinding  wheel  (disk)  6"  X  i",  No.  6i, 
Grade  J,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  wheel. 

Place  cutter  A  on  arbor  B  and  mount  in  universal  be*'' 
Sot  vertical  swivel  C  at  90°  and  horizontal  swivel  D  at  I^ 
Bolt  tooth  re.=!t  E  to  universal  head  and  set  at  height  of  cen'^' 
of  cutter.  Set  cutter  below  center  of  wheel  spindle  for  6 
clearance.  Set  reversing  stops  and  operate  machine  by  levfl 
feed. 

Warning.  —  In  grinding  angular  cutters  and  taper  reamf^ 
care  should  be  taken  to  set  the  tooth  rest  the  proper  beighl, 
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for  any  variation  above  or  below  center  line  of  tooth  will 
change  angle  of  cutter  or  taper  of  reamer. 
Attention.  —  The    radial 


teeth  of  angular  cutters  are  com 

ground  by  the  same  process       "rV^"!^. 
as  the  radial  teeth  of  aide  and  h 

end  mills,  see  pp.  816-818.  ~/^mP 

31.  To  grind  clearance  on       •  In)' 
teeth  of  spiral  milling  cut-  ^'' 

ter,  Fig.  24. 

Specifications:  2J"  X  3" 
spiral  millii^  cutter. 

Machine  and  tools :  Cut- 
ter grinder,  head  and  foot- 
stock,  spht  tooth  rest  and 
bolder,  grinding  wheel  (disk) 
7"  X  \",  No.  60,  Grade  /, 
vitrified.    Bevel  protractor. 

Speed    of     wheel,    5000  Fio.  24.  - 
F.P.M.     Grind  dry. 

Time:  4  min.  (once  around),  with  machine  "  set  up." 

SCHEDULE  OF  OPERATIONS 

Oil  machine. 

True  wheel.  Set  machine  to 
pind  stnught.  Set  center  of 
wheel  at  height  of  centers. 

I.  Bold  cutter.  Place  cutter  A 
on  cutter  bar  B  which  is  mounted 
in  holder Cabown  in  detail  at  A',B'. 

IL  Set  tooOi  rest  Clamp  tooth- 
reat  holder  to  wheel  head  and  set 
tooth  rest  D  at  the  same  angle  aa 
spiral  of  mill  and  at  height  of 
centetB,  with  center  height  gt^e 
E  directly  oppoute  the  middle  of 
wheel,  so  that  flexible  part  F  will 
clear  l^e  wheel  when  indexing 
cutter,  then  lower  center  of  wheel 


/ff"  below  centers  for  6"  wheel 
and  6°  clearance. 

m.  Grind     clearance.        Start 

grinding  wheel  and  pres3  mill  A 
firmly  against  tooth  rest  F.  Move 
cutter  to  touch  revolving  wheel 
lightly,  by  hand  crosa-fced  wheel 
and  with  other  hand,  move  cutter 
across  face  of  wheel  with  a  spiral 
motion,  taking  care  to  keep  cutter 
teeth  always  against  tooth  rest. 
Move  cutter  back  still  pressing  on 
tooth  rest,  and  index  to  grind 
next  tooth. 

Clean  machine  with  brush  and 
waste. 


820  ADVANCED  MACHINE  WORK 

32.  To  grind  hand  reamer  A  with  Cup  Wheel  B,  Fig.  25. 

Specifications:   1"  solid  band  reamer. 

Machine  and  tools:  Universal  cutter  grinder,  head  and 
footatock,  tooth  rest  and  holder,  grinding  wheel  (cup)  4" 
diameter.  No.  60,  Grade  K,  vitrified.     Bevel  protractor. 

Speed  of  wheel,  5000  F.P.M.    Hand  feed  (lever). 

True  wheel.     Set  machine  to  grind  straight. 


FiQ,  ^5. — Grwdino  Hand  Reauer  wrrH  Cnp  Wheel. 

Set  knee  J"  away  from  center  to  give  wheel  B  clearance,  as 
at  B'.  Set  tooth  rest  C  at  height  of  centers.  Lower  tooth 
rest  to  give  4°  tooth  clearance,  eee  p.  8l3.  Mount  reamer  on 
centers,  adjust  and  clamp  tooth  rest. 

Grind  teeth  straight  and  to  required  diameter  1.0004'- 
Swivel  table  to  1°  and  grind  taper  D  on  end,  a  distance 
equal  to  diameter  of  reamer  or  less.  Bevel  ends  of  teeth  fit 
E.  For  jig  reamers,  omit  taper  but  grind  bevel  on  end  of 
teeth,  as  at  F. 

Attention,  —  To  grind  the  teeth  of  a  spiral  hand  reamer,  as 
at  G,  holder  for  split  tooth  rest  H  is  bolted  to  wheel  head 
See  Fig.  13. 


GEINDING  A  REAMER  HAND 
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33.  To  grind  hand  reamer  A  with  Disk  Wheel  S,  Fig.  26. 

Specifications:  1"  adjustable  hand  reamer. 

Machine  and  tools :  Universal  grinding  machine,  bead  and 
footstock,  tooth  rest  and  bolder,  grindii^  wheel  (disk)  7" 
X  i",  No.  60,  Grade  7,  vitrified. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

True  wheel.     Set  machine  to  grind  straight. 

Set  tooth  rest  C  at  height  of  centers. .  Mount  reamer  on 
centers,  adjust  and  clamp  tooth  rest. 


umvaitSAL  owiwoiHO  maohink 


Fio.  26.  —  Grinding  Hand  Keauer. 

To  obtain  clearance,  lower  centers  of  wheel  spindle  below 
reamer  center.  Grind  teeth  straight  and  to  standard  diam- 
eter by  trial  cuts,  then  swivel  table  V  and  grind  end  of  teeth 
taper,  see  D,  Fig.  25,  a  distance  from  end  equal  to  diameter  of 
reamer  or  less. 

34.  To  oilstone  reamer  for  clearance  and  size,  Fig.  27.  — 
Hand  reamers  are  often  ground  cylindrically  true  .0001"  to 
■0004"  oversize,  then  ground  for  clearance  almost  to  edge 
and  stoned  to  size,  as  follows:  Hold  reamer  A  in  vise  between 
copper  jaws  and  stone  each  blade  with  oilstone  B,  used  as  in 
draw  filing.    Stone  heel  of  tooth  first  then  gradually  approach 
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to  cutttDg  edge.     Ream  hole  and  teat  with  standard  plug 
g^e.     Repeat  process  until  hole  fits  gngc. 


Fio.  27.  —  Stoneno  Reamuh  to  Sue. 


36.  To  grind  taper  reamer  A,  Fig.  28. 
Specifications :  No.  3  Morse  standard  taper  reamer. 
Machine  and  tools:   Cutter  grinding  machine,  head  aai 
footstock,  tooth  rest  and  holder,  grinding  wheel  (disk)  6" 


Fia.  2S.  —  Grindino  Tapes  Reambr. 

X  \",  No.  60,  Grade  J,  vitrified.     No.  3  Morae  standard 
taper  ring  gage. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

True  wheel. 
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Set  center  of  wheel  B  at  height  of  centers  and  machine  to 
srind  taper.  Clamp  tooth-rest  holder  to  wheel  head  and  set 
ootb  rest  C  at  height  of  centers.  Mount  reamer  on  centers, 
ower  wheel  head  for  clearance.  Set  dogs  to  limit  stroke, 
}ress  reamer  on  tooth  rest  and  grind. 


Fia.  29.  —  Grindino  Gear  Cutter. 

36.  To  grind  gear  cutter  (formed  cutter),  Fig.  29. 

Specifications :  No.  4,  10  pitch  gear  cutter. 

Machine  and  tools:  Cutter  grinder,  gear  cutter  grinding 
attachment,  grinding  wheel  (dish)  6",  No.  46,  Grade  \\, 
elastic. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

True  wheel. 

Grind  gear  cutter  A,  A'  with  wheel  B.  Fasten  gear  cutter 
grinding  attachment  C  to  table  and  mount  cutter  upon  it. 
Set  knee  at  slight  angle  to  axis  of  wheel  spindle  to  bring 
edge  of  wheel  in  contact  only,  as  at  B'.  Set  cutting  edge 
of  wheel  in  same  plane  with  center  of  cutter  with  special 
Kage  or  straight  edge,  grind  teeth  radially.  Set  pawl  tooth 
rest  D  and  D'  gainst  back  of  tooth  and  adjust  until  tooth  is 
radial,  then  clamp.  Adjust  stop  E  to  limit  travel  so  that 
wheel  will  just  touch  bottom  of  groove.     To  grind,  preBs 
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cutter  lightly  gainst  tooth  reat  D  and  operate  lever  feed  F- 
To  index  to  next  tooth,  move  cutter  back  with  lever  F,  re- 
volve cutter  away  from  tooth  rest  D,  then  again  press  lightly 
^Sainst  tooth  rest  D  and  grind.  Take  light  cute  and  go 
arouiid  twice,  if  neceaeary,  rather  than  one  heavy  cut  that 
may  draw  the  temper. 

AOention.  —  The  teeth  of  formed  cutters  should  be  ground 
radially  and  equidistantly  or  they  will  not  cut  correct  form. 


Pig.  30.  —  Grindino  Formed  Octtbr. 

37.  To  grind  formed  cutter,  or  a  bob,  Fig.  30. 

Specificatioiis :  Y'  fonaed  concave  cutter. 

Machiae  and  tools :  Cutter  grinder,  universal  head,  tootb 
rest  and  holder,  grinding  wheel  (dish)  6",  No.  46,  Grade  If 
elastic. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

True  wheel.     Set  machine  to  grind  straight. 

Mount  cutter  A  on  centers  and  wheel  B  on  spindle,  or 
mount  work  on  bar  C  and  hold  in  universal  head.  QaM 
tooth  rest  D,  D'  to  table  and  adjust  to  grind  teeth  radially- 
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38.  To  sharpen  tap,  Fig.  31. 

Spe<dflcatioii8 :  |"  X  10  U.  S.  S.  tap. 

Machine  and  tools:  Universal  cutter  grinder,  universal 
ead,  tooth  rest  and  holder,  grinding  wheel  (round  face), 
"  X  i",  No.  80,  Grade  /,  vitrified. 


f^Q.  31.  —  SHASPBNiHa  Tap. 


Pia.  32.  —  Grinding  Flat  Ccttbr. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

True  wheel.    Set  machine  to  grind  straight. 

Mount  tap  A  in  universal  head  or  on  centers.  Use  thin 
founded-face  wheel  B.  Clamp  tooth  rest  C  to  table  and 
Adjust  ao  that  teeth  will  be  ground  radially.     Use  hand  feed. 
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39.  To  grind  flat  cutter,  Fig.  32. 

Spedfications :  IJ"  radius  flat  cutter. 

Machine  and  tools :  Cutter  grinder,  clamps,  grinding  wheel 
(disk)  6"  X  i",  No.  46,  Grade  /,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  wheel. 

Fasten  cutter  firmly  to  table  by  clamps  C.  Set  wheel 
head  D  at  right  angles  to  table,  lower  wheel  until  it  justj 
touches  work  and  grind  with  lever  feed  E  and  cross  feed  F.    ' 
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Fio.  33.  —  Grindino  Convex  Cuttkr. 


40,  To  grind  convex  cutter,  Fig.  33. 

Specifications :  Convex  cutter. 

Machine  and  tools:  Cutter  grinder,  circular  attachment, 
tooth  rest  and  holder,  grinding  wheel  (concave)  7"  X  j'  i 
No.  60,  Grade  K,  vitrified. 

Speed  of  wheel,  5000  F.P.M.     Hand  feed. 

True  and  shape  wheel. 

Convex  cutter.  A  is  ground  with  wheel  B  and  circular 
attachment  C  which   is  for  grinding   convex  and   concave 
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cutters.     First  true  wheel  to  radius  to  be  ground  with  carbon 
point  D  and  holder  E  clamped  in  position  at  E'. 

Mount  cutter  in  position  and  set  tooth  rest  F  height  of 
center  of  work.  Locate  wheel  and  cutter  for  clearance  and 
bring  center  of  radius  to  be  ground  directly  over  center  of 
pivoting  point  of  attachment.  Grind  teeth  with  light  outs, 
feed  at  O,  and  swing  handle  H. 


FtG.  34.  —  Grinmno  Side  of  Suttiko  Saw. 

41.  To  grind  sides  of  slitting  saw,  Fig.  34. 

Speciflcatioas :   6"  X  i"  slitting  saw. 

Machine  and  tools :  Cutter  grinder,  headstock,  expansion 
bushing,  grinding  wheel  (bevel  disk)  8"  X  i",  No.  46,  Grade 
]  W,  silicate.     Micrometer. 

Speed  of  wheel,  5000  F.P.M.  Speed  of  work,  50  F.P.M. 
Automatic  feed. 

True  wheel. 

Mount  slitting  saw  A  on  face  chuck  B  and  hold  in  place 
by  expansion  bushing  C  which  is  expanded  by  screw  D,  or 
use  a  magnetic  rotary  chuck.  Swivel  wheel  head  1°  to  grind 
concave  to  give  saw  clearance.    Set  stops  and  grind. 

Atteniiim.  —  The  sides  of  plain  milling  cutters  are  ground 
by  the  same  process. 
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42.   To  grind  caliper  gage,  Rg.  35. 
Specifications:    6"  caliper  g^e. 


—  GwNDiNQ  Cauper  Gaok. 


Fra.  36. — {JuiNDiNQ  Straight  Edqe. 

Machines  and  toots:  Cutter  grinder,  vise  and  fotun, 
grinding  wlieel  (double  cup)  7"  X  I",  No.  120,  Grade  OotH, 
vitrified.     Inside  micrometer  gage. 
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Speed  of  wheel,  5000  F.P.M.    Hand  feed. 

True  -wheel.    Set  machine  to  grind  straight. 

Grind  gage  A,  with  double-cup  wheel  B.  Set  wheel-center 
leight  of  center  of  work  and  grind  both  ends  without  moving 
n  vise.  A  small  hole  is  drilled  in  comers  of  gage  for  wheel 
:learance. 

13.  To  grind  straight  edge,  Fig.  36. 

Specifications:  12"  X  If"  beveled  straight  edge. 

Machine  and  tools :  Cutter  grinder,  clamps,  grinding  wheel 
;cup)  6"  X  i",  No.  46,  Grade  U,  elastic. 

Speed  of  wheel,  5000  F.P.M.  Speed  of  work,  50  F.P.M. 
Sand  feed. 

True  wheel.     Set  machine  to  grind  straight. 

Mount  straight  edge  A  on  table  B  and  hold  by  clamps  C, 
swivel  knee  J"  so  that  only  edge  of  wheel  will  come  in  contact 
with  work.     Grind  to  finish  without  removing  work. 

UNIVCRSAL  QRINOKR 


FiQ.  37.  —  GouiDma  Jia  Bushing. 

44.  To  grind  jig  bushmg,  Fig.  37. 

Specifications;   f"  jig  bushing. 

Machine  and  tools:  Universal  grinder,  grinding  wheel 
(disk)  10"  X  J",  No.  54  Comb..  Grade  M.  vitrified.  Mi- 
crometer. 
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Speed  of  wheel,  5000  F.P.M.     Speed  of  work,  50  F.P.M.  . 

Automatic  feed.  ! 

True  wheel.    Set  machine  to  grind  straight.  r 

Bushing  A  is  ground  with  wheel  B.    Press  mandrel  C  into  I 

bushing,  mount  on  centers  and  grind  as  in  plain  cylindrical  ; 

grinding.     A  groove  is  cut  in  bushing  at  D  for  wheel  cleax- 

ance.  | 

UNIVIMAL   ORINDINO  MAOHINK 


Flo.  38.  —  Grindiko  Tapbb  SsAtnc  of  End  Mill.  j 

46.  To  grind  taper  shank  of  end  mill,  Fig.  38. 

Specifications :  1"  end  mill,  Morse  taper  No.  2. 

Machine  and  tools :  Universal  grinding  machine,  aloxite  or 
alundum  wheel  (disk)  12"  X  J",  No.  60,  Grade  K,  vitrified. 
Taper  gage.     Prussian  blue. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M.  ^ 
Automatic  feed. 

True  wheel.  ! 

Shank  of  end  mill  A  is  ground  with  wheel  B.     Mount  o" 
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centers  with  dog  C.    Set  table  to  required  taper  and  adjust 
table  do^. 


Fia.  39.  —  CcTTiNO  oft  Tubimo. 

46.  To  cut  off  tubing,  Fig.  39. 

Spedflcations :  1"  tubing. 

Machine  and  tools:  Cutter  grinder,  special  holder,  grind' 
ing  wheel  (thin  i")  7"  X  A".  No.  80,  Grade  5,  elastic. 

Speed  of  wheel,  5000  F.P.M. 

True  wheel  A.    Set  machine  to  grind  straight. 

Mount  tubing  B  in  holder  C  Start  machine  and  feed  by 
hand. 


Fia.  40.  —  GRiNDnra  Hardbnkd  Lathb  Cbntbb. 

47.  To  grind  hardened  lathe  center,  Fig.  40. 
Specifications :  Hardened  engine  lathe  center,  Morse  taper 
No.  2.     Center  gage. 
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Machines  and  tools:  Cutter  grinding  machinei  universal 
chuck,  steady  rest,  grinding  wheel  (disk)  10"  X'i",  No.  60, 
Grade  K,  vitrified. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

True  wheel. 

Set  swivel  table  at  30^,  mount  center  in  universal  chuck  and 
steady  rest,  as  shown,  and  use  automatic  or  hand  feed.  Test 
with  center  gage. 
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SECTION  9 

PLANING 

PUmerB.    Cutting  Speeds  and  Feeds.    Cutting  Tools.    Horizontal, 
Vertical  and  Angular  Planing.    Measuring  Work.    Holding 
Work,  and  Problems  in  Planing.    Fixtures,  Vi&tB 

and  Jigs.    Shapers. 

PLANERS 

1.  The  planer  bears  the  same  relatioa  to  plane  or  flat 
surfaces  that  the  lathe  does  to  cylindrical  surfaces.  —  The 
larger  part  of  planer  information  and  skill  consists  of  setting 
up  the  work.  The  tools  and  cutting  angles  are  similar  to 
those  of  lathe  tools. 

2.  The  three  general  methods  of  holding  work  are  the 
mechanical,  magnetic  and  physical. 

The  mechanical  method  is  holding  work  by  clamps  and  bolts, 
fixtures,  jigs  or  shoes,  vises  or  chucks,  and  applies  to  the  larger 
part  of  planer  work.    See  pp.  9l3-9l7,  921-933. 

The  magnetic  method  is  holding  work  by  magnetic  chucks. 
See  pp.  624-626. 

The  physical  method  is  holding  work  by  cementing  with 
cement,  shellac  or  resin.    See  p.  920. 

3.  Types  of  planers.  —  There  are  two  leading  designs  of 
planers,  which  are  distinguished  by  their  driving  mecha- 
nisms: The  spur-gear  type  and  the  spiral-gear  type.  The 
size  of  planers  is  designated  by  the  size  of  the  work  that  it 
will  plane. 

4.  The  spur-gear  type  ^ner  table  is  driven  by  a  spur 
gear  which  meshes  with  a  rack  on  bottom  of  table,  and  with 
a  pinion  on  the  driving  shaft  on  the  outer  end  of  which  are 
tight  and  loose  pulleys  driven  by  open  and  crossed  belts 
from  countershaft. 

9oi 
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6.  The  spiral-gear  type  planer  table  is  driven  by  a 
spiral  gear  which  meshes  with  a  rack  on  bottom  of  table. 
The  spiral-gear  shaft  is  connected  to  driving  shaft  by  bevel 
gears.  The  rest  of  the  mechanism  is  similar  to  the  spur-gear 
planer. 

6.  Planer,  spur-gear  drive,  described,  Fig.  1. 


Pig.  1.  —  Planer,  Spub-Gbah  MKCHANisif. 


SCHEDULE 

OF  PARTS 

^  — Bed. 

E  —  Saddle  moved  along  cross 

B  — Table  operated  by  rack, 

rail  by  hand  or  power. 

gears,  belts,  slides  in  scraped  V 

F  —  Planer  head. 

ways  of  bed,  holds  work  and  per- 

G — Handle  to  operate  hori- 

forms cutting  movement. 

zontal  feed  screw,  gives  hand,  hor- 

CC —  Houmngs  or  posts. 

izontal  or  cross  feed. 

D  —  Cross  raU  may  be  raised 

Friction    feed    disk,    pawl    and 

ingB. 

ratchet. 

PLANER 
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/ — -.Driving  belt  (one  speed), 
aght  and  loose  pulley  counter- 
ihaft. 

J  —  Quick  return  belt  (return 
ipeed  3  to  1). 

KK' — Table  dogs,  reverse  mo- 
aon  of  table  and  are  located  to 
(ive  desired  length  of  stroke. 

LM  —  Belt  shifters. 

iV  —  Reversing  lever  to  reverse 
notion  of  table;  operated  by 
land  or  dogs  KK\ 

P  —  Vertical*  and  angular  feed 
ihaft  turned  with  handle  G, 
>laced  on  end. 

Q  —  Feed  rod  pin. 

R  —  Feed  adjusting  handle. 
Co  obtain  power  horizontal  feed, 


move  pin  Q  oflf  center  to  right  or 
left,  depending  on  whether  cut  is 
right  or  left,  and  drop  pawl  H 
in  ratchet.  The  amount  of  cut 
depends  on  distance  Q  is  removed 
off  center. 

S  —  Hand  vertical  feed.  Some 
provided  with  dial  to  read  to 
thousandths. 

T  —  Feed  gear.  To  obtain 
power  vertical  and  angular  feed 
place  gear  T  on  shaft  P,  adjust 
pin  Q  for  desired  number  of  teeth 
fed  and  drop  in  pawl  H.  May 
feed  tool  downward  or  upward. 

U  —  Handle  for  nusing  and 
lowering  cross  rail. 

W  —  Shipper. 


7.  Planer  head  and  mechanism  for  cutting  tool,  Fig.  2. 


SCHEDULE  OF  PARTS 

A  —  Cross  rail. 

B  —  Saddle. 

C  —  Swivel  plate. 

D  —  Vertical  feed  slide. 

E  —  Apron  swivel  or  clapper 
box. 

F  —  Apron  or  tool  block,  hinged 
to  relieve  tool  on  return  stroke. 

GG'  —  Tool  clamps.  (Used  on 
large  planers.  Tool  post  used  on 
small  planers.) 

H  —  Tool. 


Fig.  2.  —  Flaheb  Hbad. 
See  Inspection  of  a  Planer,  p.  14l6. 
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8.  Large  planers  are  often  equipped  with  two  heads  mounted 
upon  the  cross  rail.  Two  other  heads  are  mounted  upon  the 
housings  so  that  work  may  be  planed  upon  the  top  and  both 
sides  at  the  same  time.  Special  designs  are  made  for  wide  and 
extra-heavy  work.  Open  side  planers  are  obtainable  for  planiiig 
the  ends  of  beams,  frames  and  edges  of  steel  or  iron  plates,  and 
for  other  work  that  will  not  pass  between  the  double  housings 
or  pQsts  of  an  ordinary  planer.  The  outer  end  may  be  sup- 
ported upon  an  eye-beam  which  is  mounted  upon  rollers  running 
upon  an  improvised  track. 

CUTTING  SPEEDS  AND  FEEDS 

9.  Cutting  speed  (F.P.M.).  —  Ordinary  planers  are  belted 
to  give  one  cutting  speed  only.  Cast  iron  may  be  planed 
with  carbon-steel  tools  at  about  25  feet  per  minutei  steel, 
wrought  iron  and  bronze,  at  17  feet  per  minute.  When 
both  iron  and  steel  have  to  be  planed  on  the  same  planer, 
as  is  usually  the  case,  a  cutting  speed  of  about  20  feet  is 
used.  With  high-speed  tools,  these  speeds  may  be  increased 
from  50  per  cent  to  100  per  cent.  For  brass,  composition 
and  softer  metals  it  is  customary  to  use  a  planer  speeded  for 
cast  iron.  Variable-speed  planers  are  obtainable  which  gi\*e 
changes  of  speed  from  15  feet  to  70  feet  per  minute.  Variable 
speed  countershafts  for  a  single-speed  planer  are  obtainable. 

10.  Feed  is  obtained  by  a  feed  ratchet  and  pawl.  The 
amount  of  feed  1  tooth  on  ratchet  gives  varies  with  the 
planer. 

Cast  iron  may  be  rough  planed  with  as  deep  a  cut  as  the 
machine  will  carry.  The  finishing  cut  with  a  broad-nose 
tool  should  be  light,  from  .005"  to  .010"  in  depth,  with  a  feed 
nearly  equal  to  the  width  of  tool.  Steel,  wrought  iron  and 
aluminum  are  rough  planed  with  a  diamond-point  or  roughing 
tool  in  about  the  same  manner  as  cast  iron  except  that  a  little 
less  depth  of  cut  and  a  finer  feed  are  used.  For  finish  plan- 
ing, use  tools  with  narrow  cutting  edges,  fine  feed,  1  or  2 
teeth,  cut  .005"  to  .010"  in  depth,  with  or  without  lubricant. 
See  Table  of  Lubricants,  p.  l49. 
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11.  Planer  cutting  tools.  —  Chart  of  planer  tools  (f oiged,  aiKJ 

tool  holders  and 
cutters)  is  shown 
in  Fig.  3.  They 
have  the  same 
rake  for  cutting 
different  metak 
as  lathe  tools  but 
less  clearance 
(3**  to  5*^),  Fig. 
4,  and  are  made 
heavier  and 
stiffer. 


Fia.   4.  —  Left   Diamond-Point   Planer   Tool. 


Fig.  6.  —  Rough  Planing  Cast  Iron  with  L£i>t 
Diamond-Point  Tool. 


FiQ.  6. — Finishing  Steel  or  Wrought  Iron  with 
LiEft  Diamond-Point  Tool. 


HORIZONTAL 
VERTICAL   AND 
ANGULAR 
PLANING 

12.  Left  dia-l 
mond-point  tool 
set    to    rough' 
plane  a  horizon- 1 
tal    surface   on 
cast  iron,  Fig.  ''^^ 
—  Set   tool  per- 
pendicular  to 
table.      Fee(i 
from  2  to  4  teeth. 

13.  Diamond- 
point  tool  to  fin- 
ish plane  sted 
or  wrought  ironi 
Rg.  6.  — Feed  I 
or  2  teeth.  Cut 
.005"  to  .015"  itt 
depth.  With  or 
without  lubri- 
cant 


HORIZONTAL  PLANING 


14.  Round-nose  tool  set 
face  on  cast  iron  or 
brass,  Fig.  7.  — Set 
tool  perpendicular 
to  table.  Feedfrom 
2  to  4  teeth. 
16.  Small  square- 
nose  tool  to  finish 
plane  cast  iron  or 
brass,  Fig.  8.— 
Feed  from  4  to  8 
teeth.  Cut  .005" 
to  .015"  in  depth. 

For  a  coarse  feed, 
set  cutting  edge 
parallel  to  table,  or 
line  of  feed. 

For  a  fine  feed, 
round  bottom  face 
slightly  by  grinding 
and  oilstoning,  and 
setcomer  A  slightly 
lower  than  comer  B 
to  drag  and  give 
amoother  cut.  The 
feed  must  be  less 
than  the  width  of 
the  tool. 

16.  Spring  tool 
to  finish  plane  cast 
iron,  Fig.  9.  — Set 
tool  the  same  as  in 
Fig.  8,  Feed  from 
8  to  12  teeth  d"  to 
\"  wide).  Cut 
about  .003"  in 
depth. 


>  rough  plane  a  horizontal  sur- 


FlG.  7. — RoD<3H    Planing  Cabt   Ibon  " 
RODHD-NOBX  Toob. 


Fio.  8.- 


FiNiSHiNa  Cast  Iron  with  SanAKK- 
NOBE  Tooim 


Fig.  9. - 


■FiNisHiNQ  Cast  Iron  with  Sfring 
Tool. 


Plandto    Steel    or 
Wbocoht  Ibon  with  RouaHiNO  Tool, 
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17.  Fine  versus  coarse  feed  for  finishing  cut.  —  If  a  sui^ 

face  is  to  be  filed, 
scraped  or  fitted,  fin- 
ish nearly  to  sise  with 
a  light  cut  and  fine 
feed.  When  true  sur- 
faces only  are  re- 
quired, use  light  cut 
and  coarse  feed. 

18.  Roug^iing  tool 
to  rough  plane  steel 
or  WTon^t  iron,  F^g. 
10.  —  Dry  or  with  oil. 
Feed  1  to  3  teeth. 

19.  Shear  tofA  to 
finish  plane  steel  or 
wrought  iron,  Fig.  1 1 . 
—  It  is  forged  with  a 
twisted  blade.  The 
edge  is  ground  and 
oilstoned  to  an  arc  of 
a  3"  circle  with  clear- 
ance. Used  with  lard 
oil  or  soda  water. 
Feed  1  tooth.  Cut 
.003"  in  depth.  See 
Hehcal  Milhng  Cut- 
ter, pp.  1047,  104S. 

20.  Side  tool  to  fin- 
ish plane  vertical  or 
ungiiiflr  surfaces,  Fig. 
12.  —  Bevel  point  A 
to  produce  a  smooth 
surface.  Feed  down- 
ward by  power  or 


-  Shear  Tool  FiNtaHiMa  Steel 
OK  Wbouqbt  Ibon. 


HOLDERS  AND  CUTTERS 
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21.  Holders  and  cutters  (high-speed  steel),  Pigs.  13,  14, 
15.  —  Used  for  horizontal,  vertical  and  angular  planing. 


@ 


r^ 


Fig.  13.  —  Horizon- 
tal Planing.  Tool 
Holder  and  High- 
speed Steel  Cxttter. 


Fig.  14.  —  Vertical 
Planing. 


Fig.  16.  —  Angular 
Planing. 


Fig.  16.  —  Horizon- 
tal Planing.  Special 
Tool  Holder. 


Fig.  17.  —  Vertical     Fig.  18.  —  UndbrpCut 
Planing.  Planing. 


TOOL— 


22.  Special  holder  and  cutter 
(higji-speed  steel),  Figs.  16,  17, 
18.  —  Used  for  borizonta!,  vertical, 
angular  and  undercut  planing. 

23.  To  set  planer  in  alinement.  — 
Approximate  method.     Unci  amp 

bolts  back  of  rail.  Lower  rail  nearly 
to  work,  then  raise  it  about  1''  above 
work  to  take  out  back  lash,  leave 
handle  up,  and  clamp. 

Accurate  method.  Test  table  at  both 
sides  with  micrometer,  as  in  Fig.  19. 
If  the  two  readings  show  a  differ- 
ence, loosen  bolts  at  back  of  rail, 
adjust  one  of  the  bevel  gears  on 
horizontal  shaft  at  top  of  posts  and  repeat  the  whole  operation. 


Fig.  19. — Setting  Planer 
Cross  Rail  in  Alinement. 
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Other  methods  of  testing  are:  To  lower  cross  rail  oa  parallel, 
or  test  with  surface  gage  and  paper,  or  test  with  tool  held 
in  tool  post  and  paper. 


Fro.  20.  —  Redrebsinq  Planer  Table  with  Sprinq  PimsBiNa  Tool. 

24.  Redress  planer  or  sh^er  table  with  a  spring  tool. 

Fig.  20,  with  a  light  cut,  .003"  to  .005"  in  depth,  and  a  very 
coarse  feed,  when  it  has  become  bruised  and  uneven  from  care- 
less handling  of  work,  fixtures,  hammering  or  wear. 


SETTHe  OF  HEAD  g 

Fio.  21.  —  Head  and  Apron  Swivel  Set  fok  Vertical  PLANma. 

26.  To  set  planer  head  and  apron  smvel  to  plane  vertical 
BUifacei  Fig.  21.  —  Release  bolts  A,  A'  and  adjust  head  until 
aero  lines  coincide,  aa  at  B,  then  clamp.  Release  bolts  C,  C 
and  swing  apron  swivel  away  from  surface  to  be  planed  in 


ANGULAR  PLANING 


011 


ffder  that  tool,  as  it  lifts  on  the  backward  stroke,  will  move 
UFay  from  the  vertical  face  of  work.     Work  should  never  be 
Janed  vertically  if  it  can  be  held  and  planed  horizontally. 
26.  To  set  planer  head  and  apron  swivel  for  angular 
laning,  Figs.  22,  23.  —  Release  bolts  find  awing  head  to 


MtAWim  KAM  M° 
niOM  HORIZONTAL 

aCTTIMQ  OF  MUD  M' 
Flo.  22.  —  Head    and   Apbon 
Swivel    Set    fob   AironLAR 
PLunNO. 


Quired  angle  and  clamp;    then  swing  apron  swivel  away 
trom  surface  to  be  planed  and  clamp. 

27.  Planer  head  graduated  to  read  from  vertical.  —  On 
most  American  planers  and  shapers  if  drawing  reads  an  angle 
of  60°  from  horizontal,  the  head  is  set  to  read  30°,  as  in  Fig. 
22.  If  drawing  reads  30°  from  vertical,  the  head  is  set  to 
K^d  30°,  as  in  Fig.  23. 

28.  Planer  bead  graduated  to  read  from  horizontal. — 
On  planers  and  shapers  where  the  zero  line  and  90°  graduation 
windde,  when  the  slide  is  vertical,  reverse  above  rule. 
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PiQ.  24.  —  Stkbl  Bulb  to  Set  Planxb  Tool. 

29.  Use  steel  rule  to  set  planer  tool,  Fig.  24,  to  gi\T 
results  that  will  compare  with  those  obtained  with  sprinj 
calipers  in  lathe  work. 


Pio.  26.  —  Gaob  Block  to  Sht  Puner  Tool. 

30.  Use  gage  block  to  set  planer  tool.  Fig.  25,  to  give 
results  that  will  compare  with  those  obtained  with  microm- 


GAGE  BLOCKS  913 

eter  in  lathe  -work.  To  set  tool,  feed  it  down  until  the  block 
will  slide  between  the  table  and  tool 
point,  touching  tool  lightly.  To 
plane  a  piece  .001"  thicker  than  the 
gage,  .001"  tissue  paper  is  placed  be- 
tween gage  and  tool.  Tissue  paper  of 
suitable  thickness  is  often  used  with 
gage  when  there  is  danger  of  tool 
pulling  into  the  work  by  springing  or 
by  looseness  in  head.  See  pp.  928,  929. 
Set  of  gage  blocks  for  uae  on  planer 
work  is  shown  in  Fig.  26.  F,o.  26. -Ga™  Blocks. 

HOLDING  WORK,  AND  PROBLEMS  IN  PLANING 

31.  Planer  parallels  are  often  necessary  to  level  work. 
They  are  made  of  cast  iron  in 

pairs  of  equal  width,   thickness 
and  length.  Fig.  27. 

32.  Iron  clamps  for  planers  and 
shapers  are  used  in  a  great  variety 
of  shapes  also  with  bolts,  blocking 
aod  leveling  jacks  for  clamping 
work  to  fixture  or  to  table.  See 
Figs.  28,  33.  F,a_  27.  —  Planer  Parallels. 

33.  Step  blocking  and  leveling 

jacks  are  convenient  for  blocking  up  the  end  of  a  clamp  or  to 
level  work.     See  Fig.  28,  also  Figs.  39,  41. 


Fig,  28.  —  Lbvelino  Work  with  Planeh  Jacks. 
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34.  Planer  bolts  of  different  lengths  with  square  and  Tec 
shaped  heads,  long  threads  and  a  variety  of  washers,  are 
necessary.  Studs  and  Tee  nuts  are  a  good  substitute  for 
bolts. 

36.  Screw  pins  and  screw  bunters,  Fig.  29,  are  used  in 
various  ways  to  fasten  planer  work  to  table.  The  circular 
portion  of  the  screw  pin  fits  the  hole  in  the  table  and  the 


0^ 

SCREW  BUNTER 
Fig.  29.  —  Screw  Pin  and  Screw 

BUNTER. 


r 


J 


D 


i~l 


I 
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Fig.  30.  —  Fingers  or  Toe  Dogs. 


squared  portion  is  drilled  and  tapped,  preferably  at  an  angle 
of  from  5°  to  10°,  to  receive  a  set  screw.  The  screw  hunter 
fits  the  Tee  slot. 

36.  Fingers  or  toe  dogs.  Fig.  30,  are  used  with  screw  pins 
or  hunters  to  fasten  thin  work  to  planer  table. 


Fig.  31.  —  Methods  of  Clamping  Work.    Good  and  Bad. 
Different  Kinds  of  Planer  Bolts. 

37.  Good  and  bad  methods  of  clamping  or  strapping  work 
to  table.  Fig.  31.  —  Always  place  blocking  A  farther  away 
from  bolt  B  than  work  C,  so  that  the  most  pressure  will 
come  on  work. 

38.  Holding  rectangular  or  oblong  work  by  bedding  on 
table  with  a  tongue  or  rib  fixture.  A,  hunters  B,  fingers  C  and 


HOLDING  RECTANGULAH  WORK  »15 

thrust  pin  D,  Fig.  32.  —  The  tongue  fixture  is  clamped  in  the 
long  Tee  alot  in  table.    To  be  sure  that  work  is  properly 


bedded  to  table  gently  pound  it  to  seat  with  lead  hammer 
during  and  after  tightening  screws.  Tightening  screws  too 
hard  will  lift  the  work.    When  taking  heavy  roughing  cuts, 


FiQ.  34,  —  ScRKW  Pin  foe  Clampinq  Work  Aqainbt  Anolb  Plats. 

apron  swivel  should  be  swung  a  little  away  from  the  direction 
of  feed  so  that  tool  will  not  bear  excessively  on  return  stroke. 

39.  Angle  plate  (angle  iron).  A,  Fig.  33,  has  planed  sur- 
faces at  right  angles  (90°).  To  plane  edges,  hold  work  B  by 
clamps  C,  C,  or  by  block  and  screw  pins,  Fig.  34. 

40.  Tee  &cture  for  holding  work  at  right  angle,  A,  Fig. 
35,  clamped  to  table  by  bolts  B,  B'.     Its  front  face  is  at  right 
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an^  to  edge  of  table.  The  wwk  C  is  held  by  clamps  D 
and  E.  The  vertical  face  F  is  planed  with  cutting-down  tool 
O.    Use  fine  feed. 


Fig.  S6.  — Planing  W 


iHT  Anole  Held  bt  Tbb  FWtcbe- 


41.  Adjustable  tongue  fixture.  —  In  Tig-  36  is  a  tongue 
fixture  in  two  parte,  A  and  A',  for  holding  thin  work  of  any 
length.  Work  is  held  against  stop  B  and  fastened  by  scm 
stops  C,  C  and  wedges  D,  D'. 

I 


Fio.  36.  —  To  Hold  Thin  Work  or  Amy  Lenotb. 
42.    Beveling  Qiin  work-^Any  thin  work,  as  gib  .4,  may 
be  beveled  with  a  bent  side  tool  B,  as  in  Fig.  37. 
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Fio.  37.  —  PLANDfa  Bcvxi.  viih  Bent  Smi  Tool. 

13.  To  plane  tidier  parallels  or  wedges,  a  taper  shoe  is 
supplied  which  is  adjusted  to  give  any  desired  taper  in  inches 
per  foot.  I 

Feed  at  beginning  or  end  of  cut — The  feed  movement  of 
the  tool  should  be  arranged  to  take  place  at  the  beginning  or 
at  the  end  of  the  cut,  but  not  during  the  cut.  For  general  work 
either  end  will  do.  For  accurately  finishing  broad  surfaces  it  is 
best  to  feed  just  before  beginning  the  cut  (although  the  cuttii^ 
stroke  is  longer)  as  the  drag  of  the  tool  on  the  return  stroke 
wears  the  tool  less. 

Direction  of  feed  or  cut.  —  In  homontal  planing  the  tool 
may  be  fed  either  away  from  the  operator  by  using  a  left  tool, 
or  toward  the  operator  by  using  a  right  tool.  The  general  prac- 
tice is  to  feed  away  from  the  operator,  as  in  Figs.  5,  6,  32,  33. 
In  vertical  and  angular  planing,  the  tool  is  fed  downward  as  in 
Figs.  21,  22,  23. 

Beveling  end  of  castings. — -At  end  of  cut  on  iron  castings, 
steel  castings  or  brittle  alloy  castings,  the  pressure  of  the  tool 
wil)  break  off  the  metal  deeper  than  the  planed  surface.  To 
avoid  this,  file  or.  chip  a  bevel  to  depth  of  cut,  as  in  Figs,  32, 
33.  Small  work  may  be  held  and  beveled  at  the  vise,  and  large 
work,  after  it  is  clamped  to  the  planer. 
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44.    To  plane  rectangular  work  clamped  to  planer  table. 
Fig.  38. 


Fig.  38.  —  Schbdulb  Drawing. 

Specifications:  Material,  iron  casting  y  large,  free  from  visible 
defects;  weight,  7 lbs.  14  oz.  Hardness,  23  to  35  (scleroscope). 
High-speed  steel  cutting  tools.  Speed,  22  to  30  F.P.M. 
Time:  Study  drawing  and  scheidnle  in  advance,  10  min.  —  Oil 
planer,  8  min.  —  *'  Set  up ''  tongue  and  angle  plate  fixtures,  12  min. 
—  Rough  plane  surfaces  (1),  (2),  (3),  (4),  30  min.  —  Finish  plane 
surfaces  (5),  (•),  (7),  (8),  22  min.  —  Set  Tee  fixture,  apron  swivel 
and  stroke  for  vertical  planing,  8  min.  —  Rough  and  finish  plane  ends 
(»),  (!•),  (11),  (12),  22  min.  — Clean  planer,  8  min.  — Total,  2  h. 

SCHEDULE  OF  OPERATIONS,  MACHINES,  FIXTURES 

AND  TOOLS 


Operations. 


Snag  casting.  Clean  planer 
table.  Set  planer  in  aline- 
ment.    See  p.  909. 


Oil  bearings.    See  p.  920. 

Horisontal  planing. 
To  table  and  fixture,  damp 

work.    See  p.  9u. 

Adjust  table  dogs  to  length  of 

stroke. 
Rough  plane  (Bevel  end.)    ( 1) , 

onecut-x'Y"<l^P*  See  p.  9 17. 


Machines,  Fdctubbb, 
Spbbds,  Fbbdb. 


Machinist's  vise. 
Planer,  16"  to  24" 
cutting  speed  25 
F.P.M.  With  a 
highnspeed  planer 
this  may  be  in- 
creased from  25% 
to  100%. 


Tongue  fixture,  b\m- 
ters  or  screw  pins, 
fingers. 


Tools. 


Hammer,  cold  chisel, 
10"  or  12"  wore 
bastard  file. 

Brush,  waste. 


Feed  3  teeth  or  A". 


Machine  oil. 

Lead  hammer, 
planer  wrench. 

Planer  wrench. 

10"  or  12"  bastard 
file,diamond>poiat 
tool,  or  holder  and 
cutter  16**  rake, 
rule. 


PLANING  CAST  IRON 
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Rough  ikUne  (Bevel  end.) 
(S).  one  cut.  Set  tool  l^^^'' 
+  -^"  from  table. 

To  angle  ]ibite  and  table, 
damp  work.    See  p.  9l6. 

Rough  plane  (Bevel  end.) 
(S),  with  (1)  against  angle 
plate,  one  cut  i^"  deep. 

Rough  plane  (Bevel  end.) 
(4),  with  (1)  against  angle 
plate,  one  cut.  Set  tool 
H"  +  A"  from  table. 

To  tahle  and  fixture,  damp 
work. 


nsiah  ^ane  (File  buir  off 
edges.)  (i),  one  cut  j^^" 
deep,  estimated. 

Finish   plane    (•),    one    cut. 

Set  tool  li^"  from  table. 
To  angl6  plate  and  table,  damp 

work. 

nnish    plane    (7),   with    (S) 

against  angle  plate,  one  cut 

lii"  deep,  estimated. 
Finish  plane    (8),    with    (ft) 

against  angle  plate,  one  cut. 

Set  tool  1 1"  from  table. 

(Pile  burr  off  edges.) 

Vertical  planing. 
To  Tee  fixture  and  table,  damp 

work. 
Adjust  table  dogs  to  length  of 

stroke. 
Rou^    ^ane    (Bevel    end.) 

(•),  with   (S)   against  Tee 

fixture,  one  cut  t^"  deep. 
Finish  jdane    (!•),   one   cut 

li?"  deep.    Reverse  work. 
Rouc^   plane     (Bevel    end.) 

(11)  r  with  (S)  against  Tee 

fixture,  one  cut.    Set  tool 
^12j"+,j,"from(l»). 
Finish  plane    (12),  one  cut. 

Set  tool    12i"   from   (!•). 

(File  burr  off  edges.) 


Angle  plate,  screw 
pins  and  blocking 
or  damps. 


Tongue  fixture,  bun- 
ters  or  screw  pins, 
fingers. 

Feed  6  teeth  or  i^". 


Angle  plate,  screw 
pins  and  blocking  or 
clamps. 

Feed  6  teeth  or  ^", 


Tee  fixture,  damps, 
bolts,  blocks,  swing 
apron  swivel.  See 
Fig.  36. 

Feed  2  teeth,  or  A". 


Feed  1  tooth  or  A". 


8"  OP  10"  hand- 
smooth  file, 
square-nose  finish- 
ing tool,  oil-stone. 

Rule  or  gage  block. 


Rule  or  gage  block. 


Holder  and  cutter 
15^  rake,  or  cut- 
ting down  tool. 

Side  tool  with  point 
beveled. 

Long  rule. 


AtteTUum.  —  It  is  good  practice  to  file  the  burr  off  the  edges  slightly 
with  a  hand-fimooth  file  after  planing  each  surface. 
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46.  Oiling.  —  Oil  every  bearing  of  a  planer  once  a  day, 
and  the  V  ways,  loose  pulleys,  friction  disk  and  sliding  parts 
more  often.  The  V  ways  are  the  most  important  and  must  be 
kept  clean  and  well  oiled. 

46.  Cleaning.  —  The  chips  should  always  be  brushed 
toward  side  of  table  to  avoid  brushing  them  into  the  V  ways 
which  would  be  disastrous. 

Warning.  —  Before  starting  a  planer,  see  that  the  table  dogs 
are  fastened  firmly  and  nothing  is  clamped  to  the  table  that  will 
strike  the  housings  or  cross  rail.  Also  that  all  wrenches,  bolts, 
clamps  and  other  pieces  that  are  not  fastened  to  the  table  are 
removed. 

47.  Holding  very  thin  work  by  gluing  or  cementiiig.  — 

Work  too  thin  to  be  held  by  any  mechanical  means  may  be 
secured  to  resist  the  pressure  of  a  light  cut  by  gluing  or  ce- 
menting it  to  the  planer  table.  Clean  edges  of  work  and 
table  around  work  with  gasoline  or  benzine  and  emery  cloth. 
Apply  melted  shellac  or  rosin  around  the  edges. 

48.  Spring  of  planer  work  is  caused  by  severe  and  uneven 
clamping,  also  poor  or  unsuitable  fixtures,  bad  blocking  and 
shinmiing  or  wedging. 

Another  cause  of  springing  is  the  removal  of  the  outer  sur- 
face of  castings  and  forgings  which  relieves  the  internal 
strains.  This  is  largely  overcome  by  rough  planing  all  sur- 
faces to  be  finished  before  finishing  any  surface,  then  slightly 
relieving  the  pressure  of  the  clamps  and  other  holding  devices 
for  the  finishing  cuts. 

Cold-rolled  stock  is  liable  to  spring  badly  unless  an  equal 
amount  of  stock  is  planed  off  each  surface.  A  casting  or  a 
piece  that  has  been  rough  planed  may  be  nominally  flat,  but 
to  obtain  very  accurate  results,  select  the  straigbtest  side. 
Rest  this  side  on  the  table  and,  if  necessary,  place  under  comers 
or  middle,  strips  of  tissue  paper  to  compensate  for  spring  or 
distortion.  Finish  surface,  then  turn  work  over  and  finish  side 
first  selected.  The  edges  of  the  work  should  be  finished  in 
same  order.     Take  a  light  finishing  cut  about  .003'\ 
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49.  To  aline  work  on  table  with  stuface  gage,  use  piecea 
of  tin,  brass  or  paper  as  shims  and  place  under  work  directly 
under  clamps.  A  triangular  casting  should  have  at  least 
three  bearing  points  and  an  oblong  or  square  casting,  four. 

At  A,  Fig.  39,  surface  gage  B  is  used  to  test  the  work  as 
at  C,  D,  E  and  F.    Pinch  bar  G  is  used  to  lift  casting  to  ia- 


Fio.  39.  —  Let-BUNO  asd  Alinino  Work  with  Surface  Gaqe. 

scrt  shims.  To  aline  the  work  with  the  edges  of  the  table, 
move  guide  H  along  edge  and  use  straight  point  of  scriber  to 
test  work.  Screw  pins  and  blocks  clamp  casting,  and  assist 
in  alining. 

60.  To  aline  work  in  absence  of  surface  gage,  feed  tool 
down  at  one  end,  insert  paper  between  tool  and  work  and 
adjust  until  tool  pinches  paper.  Kepeat  on  opposite  end  of 
work  and  at  various  points  on  top  and  sides. 

FIXTURES,  VISES  AND  JIGS 

61.  Planer  jacks  for  leveling  work  are  used  to  hold  work 
that  has  ribs  on  its  tower  side,  as  casting  A,  Fig.  28. 

62.  To  set  tools  for  duplicate  work  witti  special  gage  or 
Itattem,  Fig.  40.  —  Bed  work  A  to  table  and  clamp  to  angle 
plate  B  by  clamps  C  and  Z).  To  plane  wide  groove  E  accur- 
ately, use  special  gage  F  bolted  to  table  and  angle  plate. 


•22  ADVANCED  MACHINE  WORK 

The  top  of  gage  is  exact  pattern  of  work,  mioua  .001".  For 
roughJDgiSet  toolQ  to  cut  .005"  large  by  a  thickness  gage;  and 
for  finishing,  to  cut  .001"  lai^e  by  tissue  paper.  See  pp.  9l2, 
913. 


— Sfbcial  Gaqb  OB  Pattebn  fob  Sbthnq  Planxb  Tool 

to  DOPUCATB  WOBB, 


Fio.  41.  —  HoLDiNO  Work  with  Finoeb  Clamps. 

S3.  To  hold  work  with  finger  clanqis,  Fig.  41,  drill  boles  in 
ends  of  work  A  to  receive  finger  ends  of  clamps  B,  B'.  To 
finish  work,  which  is  cast  iron,  use  finishing  tool  C  witb  > 
coarse  feed. 


PLANING  DUPLICATE  WORK 


64.  Special  plaoer  clamps  A,  A',  Fig.  42,  are  used  for 
clamping  work  B  to  table. 


Fia.  42.  —  PtdLNER  CtAiiPs 


HoLDiNQ  Work.    SpecuIm 


66.  Planer  jig  or  shoe  to  hold  a  Dumber  of  pieces  to  be 

planed  at  oQce,  A,  Fig.  43. — The  work  consists  of  6  castings, 
BB,  etc.,  held  with  pinch  pieces  C  and  D  and  packing  block  E, 
adjusted  by  screws  FF,  etc. 


Fig.  43.  —  Pi«uiXB  Jia  or  Shoe  fok  HoLDraa  Wokx. 


66.  To  plane  Tee  slot,  Fig.  44.  —First  plane  slot  A,  then 
bottom  portion  B,  C  with  bent  toob,  one  to  a  right  anglet 
and  other  to  a  left.  Any  tool  taking  an  under  cut  cannot  be 
allowed  to  remain  in  slot  during  backward  stroke. 

67.  Tool  lifter  D,  Fig.  44,  consists  of  metal  plate  with 
two  lugs  that  receive  pointed  screws  which  engage  large  center 
punch  marks  or  countersinks  in  the  tool.  During  the  cutting 
stroke,  the  lifter  will  drag,  as  at  E,  and  lift  on  return,  as  at  E'. 
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Some  use  a  piece  of  leather  in  place  of  the  tool  lifter,  to  f asteo 
apron  so  it  cannot  swing  by  wedge  or  brace  between  tool 
and  apron  swivel;  and  to  lift  tool  by  hand  at  end  of  each  cut. 


Fig.  44.  —  Tee  Slot  Planing. 

Special  planer  tools  and  side  heads  for  undercutting  are 
obtainable. 

68.  To  plane  keyway  in  shaft  A^  Fig.  45,  drill  hole  B  in 
which  to  terminate  cut  as  the  tool  must  pass  out  of  cut  each 


SHAFT 

KEYWAY 

TOOL 


Fig.  45.  —  Planing  Keyway  in  Shaft. 


time.    Set  tool  central  with  square  and  rule.    Use  fine  hand 
feed  and  oil. 

The  depth  of  keyway  is  measured  at  side. 


PLANING  KEYWAY  ^25 

69.  To  clauqt  shaft  to  cut  keyway  its  whole  length,  hold 
as  in  Fig.  46.  A  special  planer  tool  holder  fitted  with  a  key- 
way  cutter  is  used  as  a  spring  tool. 


Fig.  46.  —  HoutiNo  Lohq  Shatf  to  Piakb  Keywat  Whole 
LiiraTB. 

GO.  To  plane  keyway  in  hub.  —  Use  a  tool  holder  and  cut- 
ter or  forged  tool.  Keyways  may  be  cut  by  keyseating  ma- 
chine or  by  hand  with  ctusel  and  file.  See  Motor-Driven  Key- 
seater,  p.  936. 


Pia.  47.  —  Stbino  Fixtobeb  fob  Holding  Vise  Babb  Plaibs. 

61.  String  fixtures  to  hold  several  pieces  A,  A,  etc.,  Fig.  47, 
to  be  planed  at  once,  are  economical  and  mechanical.  Fixture 
B  is  clamped  to  table  by  screws.  Work  is  clamped  by  rails 
C  and  D  and  screw  pins  E  and  F, 
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,  Planer  vises  (chucks)  are  obtainable  with  circular 
graduated  bases  or  with 
square  bases,  as  Vise,  Fig. 
48,  Mid  fastened  to  table  by 
clamps.  The  sliding  jaw  is 
moved  a^nst  work  and 
nuts  A,  A',  tightened,  then 
is  forced  hard  against  work 
by  screws  B,B,B'm  block  C 
which  is  kept  from  slipping 

Fia.  48.  —  Planer  Vise  for  Holding  ^y  thrust  strip  D.  Finally, 
pound  work  to  its  seat  and 

tighten  nuts  A,  A'.  See  Milling  Machine  Vises,  pp.  lOll-lOiG. 
63.  To  plane  keyway  in  flange,  Fig.  49.  —  S^  Keyseater 

and  Slotter,  pp.  936, 937,  and  Broaching  Keyways,  pp.  543-~648. 


Fig.  49.  —  Planing  Keyway  in  Flanqe. 

Spedfications:  Material,  cast-iron  flange,  turned,  polished  and 
drilled.     Flange  has  1"  hole.     Plane  keyway  i"  wide,  A"  deep. 

Hachine  and  tools:  Planer  vise,  hub  keyway  tool  holder  and  J" 
cutter,  rule,  planer  parallel.     Plane  dry. 

Time:  Study  drawing  and  schedule  in  advance,  3  min.  —  Oil  planer, 
5  min,  —  "  Set  up  "  machine,  4  min.  —  Cut  kejrway,  8  min.  —  Cleao 
mnchine,  2  min. — Total,  22  min. 


PLANING  KEYWAY 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


L  Cleaa  planer  and  visa  and 
oil  bearings. 

H.  Set  vise.  Fasten  pl&uer 
viae  to  table  with  jaws  at  riglit 
&ngle  to  line  of  travel  and  fixed 
jaw  in  front,  as  in  Fig  49. 

TTT.  Clamp  wort  Clamp  flange 
A  lightly  in  center  of  vise  as 
shown,  with  paralld  underneath. 
Adjust  flange  until  two  holes  are 
approximately  parallel  to  fixed 
jaw  by  measurement,  then  clamp 
firmly  with  vise  screws. 

IV.  Adjust  cross  ruL  Raise  or 
lower  cross  nul  until  work  will  pass 
under. 

V.  Set  tool.  Fasten  hub  key- 
way  tool  holder  B  in  tool  poet  bo 
that  toiA  poet  will  not  strike  flange, 
and  with  face  of  cutter  parallel  to 
table  or  vise. 


VI.  Adjust  length  of  stroke. 
Move  saddle  on  cross  rail  to  one 
aide  of  flange,  and  adjust  table 
dogs  for  length  of  stroke.  Set 
feed  rod  clamp  at  dead  center. 

Vn.  Set  cutter  to  plane  key- 
way  centraL  Move  saddle  back 
and  set  cutter  central  by  placing  a 
block  against  the  side  of  hub  and 
measuring  to  side  of  cutter  with 
rule.  Adjust  until  measurement 
is  the  same  on  both  sides  from 
block  to  cutter, 

YnLIHanekeyway.  Pull  belt 
by  hand  to  see  if  adjustments  are 
light.  Start  machine,  feed  cutter 
down  by  fine  hand  vertical  feed 
(.003"  to  .004"  cuts)  until  key- 
way  D  is  ^"  deep,  measuring 
at  side  of  key  way. 


64.  To  plane  t^wr  keyway  in  hub,  Fig.  50.  —  Use  taper 
parallels  and  clamp  gear  to  these  parallels. 


Fm.  •).  —  Planino  Tapbb  Kbtwat  in  Hub  op  Gbah. 

66.  To  plane  lathe  hed.  —  To  obtain  the  most  accurate 
results  from  large  castings,  the  parts  to  be  finished  by  plan- 
ing should  be  rough  planed  and  laid  aside  for  a  number  of 
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weeks  to  season  to  relieve  internal  strains.  (Lathe  beds  are 
sometimes  roughed  out  by  gang  mills,  then  finished  by  plan- 
ing.) First  finiah  bottom  of  the  lathe  bed  A,  then  clamp, 
aa  in  Fig.  51,  and  plane  the  top  and  V  ways.  Use  templets 
of  sheet  steel,  B  and  C,  and  test  the  inner  and  outer  V's,  as 
follows: 

Plane  one  face  on  the  same  side  of  both  inner  V's  to  tem[>-  | 
let  B.    Tissue  paper  should  be  inserted  between  templet  and  ; 


Pig.  51.  —  Planinq  Lathe  Bed. 

face  of  V  at  top  and  bottom  to  test  the  angle,  so  that  anglf 
of  head  may  be  corrected,  if  need  be.  Then  plane  secoml 
faces  of  the  inner  V's  and  test  with  the  same  templet.  ^Vheo 
finished  both  V's  are  tested  with  templet  C  * 

Plane  off  apex  of  each  V  J".  The  same  method  and  typf 
of  templets  are  used  for  the  outer  V's.  For  the  final  test. 
use  gage  D.  A  tool  setting  gage,  E,  may  be  used  to  set  w'- 
For  each  of  the  finishing  cuta,  the  tool  is  adjusted  until  il 
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pinches  a.  piece  of  paper  placed  between  the  gage  and  tool, 
as  at  E'.  The  paper  should  be  of  sufficient  thickness  to  allow 
for  scraping  and  fitting.  The  horizontal  parts  and  edges  of 
the  bed  may  also  be  planed  to  gage.  See  Scraping,  Prindplea 
of  Machine  Work. 

66.  To  plane  head  and  footstock  of  lathe  (two  methods), 
Fig.  52.  —  For  large  lathes,  the  V  grooves  are  planed  and 
fitted  to  the  V  ways  on  the  bed  before  the  holes  in  headstock 
and  footstock  are  bored.  The  headstock  and  footstock  are 
then  clamped  to  bed  and  bored  with  a  special  boring  bar. 
For  small  lathes,  use  the  reverse  method.  First  bore  holes 
in  headstock  A  and  footstock  B  and  ht  boxes  in  headstock. 
Next  mount  on  a  double  arbor  or  mandrel  C  to  hold  them  in 
alinement,  clamp  in  three  accurately  V-grooved  blocks  D,  D,  D, 
which  fit  Tee  slot  and  are  bolted  to  table.  Use  braces  E  to 
steady  the  whole. 


Fio.  62.  —  Plakinq  Lathb  Head  and  Footstock. 

To  finish,  clamp  both  lightly  to  avoid  springing.  First 
cut  groove  to  the  desired  depth  with  a  cutting-off  tool  in  the 
center  of  each  V  groove,  then  plane  the  faces  in  the  same  order 
as  the  V's  on  the  lathe  bed,  and  test  with  the  internal  templets 
or  gages. 
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8HAPERS 

67.  Shapers  are  particularly  suitable  for  short  work  that 
can  be  held  in  a  vise.  The  size  is  designated  by  size  of  work 
it  will  plane.    A  14"  shaper  will  plane  work  14"  X  14"  X  14". 

Two  types  of  shapers  of  leading  designs  are  Geared  Shapers 
and  Crank  Shapers. 

68.  The  geared-shaper  ram  is  driven  by  a  spur  gear 
meshing  with  a  rack  fastened  to  bottom  of  ram  similar  to  a 
spur-geared  planer.  Suitable  gearing,  shafts,  pulleys,  belts, 
and  countershaft,  complete  the  driving  mechanism  for  moving 
ram  forward  and  backward. 

69.  The  crank-shaper  ram  is  driven  by  a  direct  or  in- 
direct crank  movement  which  gives  a  quick  return.  Suitable 
gears,  shafts,  a  stepped  cone  pulley  and  belt  from  counter- 
shaft, complete  the  driving  mechanism  for  moving  the  ram 
forward  and  backward. 

70.  Feed  mechanisms  of  various  shapers  consist  of  a  feed 
disk  and  connections  for  obtaining  one  or  more  teeth  of 
feed,  measured  with  a  pawl  and  ratchet  in  advance  of  each 
cutting  stroke.    See  902. 

71.  Length  of  stroke  of  shaper  is  positive  and  can  be  more 
readily  set  to  terminate  cuts  close  to  a  shoulder  than  that  of 
a  planer. 

72.  Shaper  geared,  described,  Fig.  53. 


SCHEDULE  OF  PARTS 


A  —  Pillar  or  column. 

E  —  Saddle. 

B  —  Ram,     slides     in     plane 

F — Table  which  supports  work 

scraped  bearings. 

and  vise. 

C  —  Shaper  head  bolted  to  ram. 

0  —  Handle  to  operate   hori- 

Mechanism similar  to  planer  head. 

zontal  feed  screw  and  give  cross 

See  p.  903. 

feed. 

D  —  Cross  rail  which  may  be 

HH'  —  Feed  mechanism :  Feed 

raised  and  lowered  on  pillar  by 

disk,    pawl    and    ratchet.     For 

handle  on  opposite  side. 

power  feed. 
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Fio.  63.  —  Shapbr,  Gear  MECBANiau. 


J  —  Driviog  belt  for  cutting 
stroke  of  ram  (two  speeds)  from 
tight  and  loose  pulley  couuter- 
shaft. 

J  — ■  Belt  from  large  pulley  on 
countershaft  gives  a  return  speed 
about  3  to  I. 

KK'  —  Movable  d(«s  reverse 
motion  of  ram  and  may  be  lo- 
cated t«  give  de^red  length  of 
stroke. 


L  —  Reversing  lever  operating 
friction  clutch  which  reverses 
ram  and  may  be  operated  by 
band  or  dogs  KK'. 

M  — Vise. 

JV  —  Lever  to  clamp  vise  to 
table. 

P  -^  Handle  to  clamp  work  to 
viae. 


73.  Traveling  head  shaper  or  traverse  sbaper  has  a  box- 
shaped  bed  supported  by  pillars  at  the  ends  and  two  tables 
on  its  Side.  The  ram  is  mounted  in  a  saddle  which  travels 
along  the  bed  at, a  right  angle  to  stroke  of  ram  by  hand  or 
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power  feed.  It  is  designed  for  long  work  beyond  the  work 
of  a  pillar  shaper.  Small  work  may  be  clamped  to  table  or 
held  Id  viae,  and  large  work  on  both  tables,  and  further  sup- 
ported, if  need  be,  by  jacks  and  blocking  resting  on  the 
floor. 

74.  Draw-cut  shaper  used  for  heavy  work.    The  apron 
and  tool  are  reversed.     The  tool  cuts  on  the  return  stroke, 

75.  Swivel  sh^»er  vise  (or  chuck).  Fig.  54.  —  To  set  vise 
jaws  at  right  angle  to  cutting  stroke,  remove  taper  pin,  un- 


Fia.  54. — Pianino  Work  Hgld  in  Sbaper  Visb. 

clamp,  swing  vise  and  insert  pin.  As  the  base  is  graduated 
into  degrees  of  a  circle,  the  jaws  may  be  located  and  clamp«(I 
at  any  desired  angle. 

Attention. — -To  obtain  very  accurate  results,  a  thin  back- 
ing strip  or  a  rod  of  small  diameter  is  inserted  between  the  slid- 
ing jaw  of  vise  and  work  to  insure  even  pressure  on  the  fixed 
jaw,  so  that  the  second  cut  will  be  exactly  at  right  angles  to 
the  first. 

The  pressure  of  the  viae  jaws  has  a  tendency  to  lift  the 
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work,  and  for  finishing  fine  work  strips  of  tissue  paper  may  be 
inserted  at  each  end  between  the  planer  parallel  and  work 
and  the  work  lightly  pounded  to  its  seat  with  lead  hammer 
until  it  pinches  the  paper. 


CUTTING  OFF  TOOL     .  = 


•-= 


Pig.  56.  —  To  Cut  Off  Work  Held  in  Vibb. 

76.  Cutting  oflf  work  held  in  a  vise,  Fig.  55.  —  Use  cutting- 
oflf  tool,  the  head  as  at  A  and  apron  swivel  vertical.  For 
deep  cuts  the  apron  must  be  clamped  or  the  tool  lifted  out 
of  groove  on  retiu'n  stroke. 


Fio.  56.  —  Tapbb  Kbt  Held  in  Vise  with  Swivel  Fixture. 

77.  To  plane  taper  work  in  a  vise,  —  Use  swivel  fixture  A , 
Fig.  56.  Place  it  between  the  sliding  jaw  and  taper  key  B. 
By  matching  the  tapers,  two  taper  keys  may  be  held  and 
planed  without  the  fixture. 
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78.  To  plane  rectangular  work  held  in  shaper  vise,  Fig.  57. 


Fig.  67.  —  Schbduus  Drawing. 

Spedflcations:  Material,  iron  casting  i"  large,  free  from  visible 
defects;  weight,  7  lbs.  14  oz.  Hardness,  23  to  35  (scleroscope). 
High-speed  steel  cutting  tools.  Speed,  30  to  60  F.P.M. 
Time :  Study  drawing  and  schedule  in  advance,  5  min.  —  Oil  shaper, 
3  min.  —  **Set  up"  machine,  13  min.  —  Plane  rough  surfaces  (1), 
(2)i  (8)»  (4),  21  min.  —  Finish  plane  surfaces  (5),  (6),  (7),  (8),  11  min. 
—  Set  vise,  apron  swivel  and  stroke  for  vertical  planing,  7  min.  — 
Rough  and  finish  plane  ends  (9),  (10),  (11),  (12),  13  min.  —  Clean 
shaper,  6  min.  —  Total,  1  h.  18  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES,  FIXTURES 

AND  TCX)LS 


Operations. 

Machines,  Fixtures, 
Speeds,  Feeds. 

Tools, 

Snag  casting. 

Machinist's  vise. 

Hammer,  cold  chisel, 
10"  or  12"  worn- 
bastard  file. 

Clean  shaper  and  viae. 

14''  shaper  and  shaper 
vise,  cutting  speed 
60  F.P.M. 

Brush,  waste. 

Oil  bearings. 

Machine  oU. 

Horisontai  planing. 

In  vise,  clamp  work,  see 

Fig.  64, 

Shaper    vise,    planer 

Lead     hammer. 

with  planer  parallel 

under- 

parallel. 

shaper  wrench. 

neath.     Adjust  dogs 

on  ram 

to  length  of  stroke. 

Rough  plane  (Bevel  end.) 

(1). 

Feed  2  teeth  or  |»j". 

10"  or  12"  bastard 

one  cut  i'^"  deep.  Seep. 

9l7. 

file,     holder    and 

cutter  or  diamond- 

point     tool      15' 

rake,  3"  rule. 

PLANING  CAST  IRON 
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In  Tise  damp  work  with  planer 
parallel  underneath.    ' 

Rough  piano  (Bevel  end.)  (9), 
with  (i)  against  fixed  jaw, 
one  cut  ^"  deep. 

In  vise  clamp  work  with  planer 

►parallel  underneath. 
»ngh  piano  (Bevel  end.)   (S), 
with  (i)  against  fixed  jaw, 
one  cut.    Set  tool  Ij"  +  ^" 
from  parallel  underneath. 

In  viae  damp  work  with  planer 
parallel  underneath. 

Rough  piano  (Bevel  end.)  (4), 
with  (S)  against  iixed  jaw, 
one  cut.  Set  tool  1  A''+  A" 
from  parallel  underneath. 

In  viae  clamp  work  with  planer 
parallel  underneath. 

Finish  plane  (»),  (•),  (7),  (8), 
in  given  order.  For  (S),  (•), 
set  tool  to  take  cut  tIt"*  ®^ 
timated;  for  (7),  (8),  set  tool 
to  dimensions  by  rule  or  gage 
block.  (File  burr  off  edges). 
Set  vise  at  right  angles  to 
present  position,  reolamp. 
See  Fig.  55. 
Vertical  planing. 

In  vise  damp  work  with  planer 
parallel  underneath.  Adjust 
dogs  on  ram  to  length  of 
stroke. 

Rough  plana  (Bevel  end.)  (t), 
with  (S)  against  fixed  jaw, 
one  out  1^''  deep. 


ff 


Finish  piano  (!•),  one  out  xif 
deep. 


Reverse  work. 

Rongh  plane   (11),   with    (2) 

against  fixedjaw,  one  cut.  Set 

tool  121"  +  xii"  from  (1»). 
Finish    plana   (13),   one   cut. 

Set    tool    12i''    from    (!•). 

(File  burr  off  edges.) 
Stamp  name  on  broad  surface. 


Feed  4  teeth  or  ^". 


Swing  apron 

swivel. 

See  Fig.  21. 

Hand     feed, 

or     if 

equipped 

with 

power  feed. 

use  2 

teeth  or  ^". 

Hand  feed  or 

power 

feed,  1  tooth 

or  A". 

Vise,  copper  jaws. 

8"  or  10"  hand- 
smooth  file, 
square-nose  fin- 
ishing tool,  rule  or 
gage  block. 


Holder  and  cutter 
15®  rake,  or  cut- 
ting   down    tool. 

Holder  and  cutter 
Id**  rake,  or  side 
tool  with  point 
beveled. 

Long  rule  and  short 
rule. 


i"  steel  letters,  ham- 
mer. 
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79.  Motor-driven  shaper,  Fig.  58,  is  coDvenient  and  suc- 
cessful for  all  types  of  shaper  work.  This  machine  is  shown 
planing  the  top  of  a  machine  leg.  The  table  of  shaper  is  re- 
moved and  1^  A  is  clamped  to  saddle  B.  The  shaper  is  starteii 
by  means  of  switch  C  and  rheostat  D.  All  adjustments  of  tool 
and  feed  are  the  same  as  those  given  on  pp.  934,  935.  M 


Fig.  58,  —  Planing  Top  op  Machine  Leg  with  Motor-Driven  Shaper. 

80.  Keyseater  and  slotter,  Fig.  59. —  This  machine  will 
cut  keyways  in  pulleys,  flywheels,  gears  and  cams.  By  the 
addition  of  fixtures,  it  will  plane  keys  and  take  care  of  a  large 
variety  of  internal  and  external  slotter  work.  It  is  suppUed 
with  automatic  feed,  stop,  and  release.  The  table  may  be  tilted 
for  taper  keyways  and  other  taper  work.  In  Fig.  59,  cutter  .4 
is  cuttii^  keyway  B  in  fly  wheel  C.  The  work  is  centered 
automatically  by  centering  bushing  D.     The  hub  may  be  left 
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rough.     Keyways  may  be  cut  in  several  pieces  by  placing  one 
above  the  other. 


1  Motor-Driven 


Small  keyways  are  usually  cut  with  a  saw-cutter  outfit,  as  at 
^,  Fig.  60. 


938  ADVANCED  MACHINE  WORK  j 

By  the  addition  of  a  circular  attachment,  as  at  A,  Fig.  61,  the 
rectangular  and  circular  slots  in  the  ends  of  the  connecting  rods 
and  other  work  of  this  nature,  may  be  quickly  and  accurateh* 
macUned.  See  Planing  Keyways,  pp.  926,  927;  Bioachmg 
Keyways,  pp.  643-648;  Milling  Keyways  In  Shafts,  pp.  10l4, 
1016,  1018.  ^ 

81.  Slide  rule  for  timing  planer  work.  ^ 


•cala  V  MM. 


Fig.  62. — Sudb  Rule  Set  for  ComNO  Speed  of  30  F.P.M.,  Retubn 

Speed  90  F.P.M.,  Feed  t^". 

The  slide  rule,  Fig.  62,  is  used  for  calculating  the  time  re- 
quired to  plane  work  at  different  cutting  speeds,  return  speeds 
and  feeds.  It  consists  of  a  rule  and  slide  with  five  scales. 
Scale  A  is  the  cutting  speed,  scale  B  is  the  return  speed,  scale 
C  is  the  feed,  scale  D  the  area  to  be  planed,  and  scale  E  the 
time  required  to  do  the  planing. 

To  use  the  slide,  first  find  the  number  of  square  inches  to  be 
planed;  second,  find  the  cutting  and  return  speeds  of  the  planer: 
third,  decide  on  the  feed  to  be  used;  fourth,  locate  the  point  of 
intersection  of  the  cutting  speed  curve  on  scale  A  with  the 
horizontal  return  speed  line  on  scale  B\  fifth,  move  the  slide 
until  the  feed  figure  on  scale  C  is  directly  under  this  intersec- 
tion; sixth,  locate  on  scale  D  the  number  corresponding  to  the 
area  of  work  to  be  planed  and  directly  below  on  scale  E  will  be 
found  the  time  it  will  take  to  do  the  planing. 

Example, — To  plane  a  bench  leveling  plate  20  inches  by  30  inches 
long. 

Width  X  Length    20"  X  30"  =  600  square  inches 
Cutting  speed  30  feet  per  minute 

Return  speed  90  feet  per  minute 

Amount  of  feed  ^" 

Move  the  slide  until  the  ^"  on  scale  C  comes  directly  under  the 
intersection  of  30  foot  cutting  speed  on  curve  from  scale  A,  and  the 
00  foot  return  speed  line  from  scale  B.  Directly  below  the  600  on 
scale  D  will  be  found  on  scale  E,  the  time  required  36  minutes. 

Attention. — In  calculating  the  area  to  be  planed,  the  over-travel  of 
tool  at  front  end  of  work,  and  tool  clearance  at  hack  end,  should  be 
added  to  the  length. 
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SECTION  10 

MILLING 

Introductioii.    IfiUing  Mftchinea.    MiUing  CutterB.    Speeds  and  Feeds 
Measuring  Work.    Plain  MUHng.    Jigs  and  Fixtures.    Index  MiUing. 
Calculating  Diameter  of  Blank  to  Mill  Square  or  HexagonaL 
Mining  on  Centers.    Grooving  Taps.    Fluting  Reamers. 
Milling  Teeth  of  MflHng  Cutters.    Circular  Milling. 
Vertical  Milling.    Profiling.    Rake  Tooth 
Milling  Cutters. 

INTRODUCTION 

1.  Milling  is  a  process  of  machining  parts  to  dimensions,  to 
regular  and  irregular  shapes,  to  cut  gears,  to  groove  taps, 
reamers,  drills,  etc.,  with  rotary  cutters.  Its  greatest  value 
is  its  power  of  duplication  to  produce  interchangeable  machine 
parts. 

MILLING  MACHINES 

2.  Milling  machines  may  be  classed  as  follows: 

I.  The  column  and  knee  type^Fig.  1,  made  both  plain  and 
universal,  and  used  for  general  work. 

n.  The  planer  type.  Fig.  26,  for  the  heaviest  gang  and  slab 
milling. 

m.  The  manufacturing  type.  Fig.  29,  for  light  plain  milling. 

IV.  Vertical  milling  machines  make  use  of  the  rapid  end 
mill  principle  of  cutting  and  are  used  for  face  milling,  die  sink* 
ing,  routing,  etc.,  see  Fig.  64. 

V.  Profiling  machines  make  use  of  the  templet  principle  of 
milling  irr^ular  shapes,  see  Fig.  69. 

VI.  Special  milling  machines :  Gear-cutting  machines,  bolt 
heading  machines,  thread  milling  machines,  etc. 

Speed  changes  are  obtained  by  cone  headstock  (cone  drive) 
or  gear  headstock  (constant  speed  drive). 

3.  A  plain  milling  machine^  Fig.  27  (column  and  knee  type), 
is  used  for  various  kinds  of  plain  milling,  as  surface  or  face 
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milling,  keyways,  slotting,  etc.,  and  with  the  addition  of  indei  ' 

centers,  ia  used  for  index  milling.     See  also,  Fig.  28.  | 

The  table  is  provided  with  two  movements — ^^longitudinal.  | 


Tii;.  1.  — Universal  Millino  Machine. 

feed  and  on  some  machines  by  power  long.  feed.    The  knee  isad- 
justable  on  the  column  and  may  be  set  at  different  heights  to 
suit  the  work,  and  may  be  fed  upward  to  take  vertical  cuts  by  i 
hand  and  on  some  machines  by  power. 
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4«  A  universal  milling  machine.  Fig.  I  (column  and  knee 
type),  with  swivel  table  for  spiral  operations,  is  adapted  to  a 
great  variety  of  work.  It  is  used  for  all  kinds  of  index,  spiral 
and  light  plain  milling  and  within  its  capacity  can  do  the  work 
of  all  the  other  classes  of  milling  machines,  planers  and  shapers, 
both  regular  and  special. 

6.  Universal  milling  machine  described,  Fig.  1. 


SCHEDULE  OF  PARTS 

Motor  Drive    Constant  Belt  Speed    Gear  Headstock 

Gear  Feed 


1.  Frame. 

2.  Knee  gibbed  to  frame. 

3.  Clamp  bed. 

4.  Saddle  pivots  in  clamp  bed, 
is  graduated  in  degrees. 

5.  Table  gibbed  to  saddle,  can 
be  swiveled  to  any  desired  angle 
for  milling  spirals. 

6.  Index,  spiral  or  dividing 
head  (detachable)  with  mecha- 
nism  for  rapid,  plain  and  differen- 
tial indexing.  Also  connected  by 
gears  to  feed  screw  to  give  rotary 
motion  to  mill  work  spirally. 

7.  Footstock  (detachable). 

8.  Driving  pulley  driven  by 
motor  or  belt  from  countershaft. 

9.  Rheostat,  starting  device  for 
motor. 

10.  Gear  headstock  consists  of 
spindle,  back  gears  and  mounted 
system  of  gearing,  giving  16 
spindle  speeds,  ranging  in  geo- 
metric progression  from  15  to 
376  revolutions  per  min. 

11.  Speed  table  gives  spindle 
speeds,  and  position  of  the  three 
levers  A,  B,  C,  to  obtain  them. 
To  obtain  a  given  speed,  unlatch 
lever  A  and  lower  it.  Move  in- 
dex lever  B  to  required  colimm 


under  speed  table,  then  raise  lever 
A  to  engage  proper  gears  and 
latch  it|  Lever  C  gives  fast  or 
slow  motion.  Throw  back  gears 
in  and  out  as  in  lathe. 

12.  Mounted  system  of  feed 
gears  similar  to  the  headstock, 
driven  by  a  chain. 

13.  Feed  table  gives  position 
of  three  levers  D,  E,  F,  to  obtain 
12  feeds.  To  obtain  a  given  feed, 
unlatch  lever  D  and  raise  it. 
Move  lever  E  to  required  column 
under  feed  table  13,  then  lower 
lever  D  to  engage  gears  and  latch. 
Lever  F  gives  fast  and  slow  mo- 
tion. 

14.  Power  long,  feed  lever. 

15.  15'.  Table  dogs  to  stop 
power  long.  feed. 

16.  Power  cross  feed  lever. 

17.  Power  vertical  feed  lever. 

18.  18'.  Vertical  feed  dogs. 

19.  Lever  to  start,  stop  or  re- 
verse all  feeds. 

20.  Knob  to  release  spindle 
when  desired  to  rotate  it  by  hand. 
Dials  on  long,  or  horizontal,  cross 
and  vertical  feeds  are  graduated 
in  thousandths. 


See  Inspection  of  a  Milling  Machine,  p.  14l0. 
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6.  Milling-machine  arbor  A^  Fig.  2,  which  is  used  for  light 
work,  is  held  in  place  by  a  tang  and  is  removed  with  a  rod. 
The  cutter  may  be  secured  on  arbor  by  wire  key,  collars  and 
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Fia.  2.  —  Milling-Machinb  Arbor  for  Cutters  "wtth  Plaik 

Holes  —  Light  Work, 
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Fig.  3.  —  Milling-Machine  Arbor  for  Cutters  with  Plain 

Holes  —  Heavy  Work. 


nut,  or  the  key  may  be  omitted  for  light  work.  Arbor  B, 
Fig.  3,  is  used  for  heavy  work.  It  is  held  by  drawing-in  bolt, 
and  backed  out  by  nut. 


Fig.  4.  —  Shell-Mill  Arbor. 


(O) 


Fig.  6.  —  Milling-Machinb  Col- 
lets   FOB    MiLIJS    WITH    TaPSB 

Shanks. 


7.  Shell-mill  arbor.  Fig.  4,  is  used  to  hold  shell  mills. 

8.  Milling-machine  collets  (C),(D),  Fig.  5,  are  used  to  hold 
taper  arbors  and  shanks,  such  as  end  mills. 
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VJLUSG  COTTERS 

9.  Milling  cutters  (classified  in  four  types,  see  Chart,  Fig.  10) , 

are  made  of  carbon  and  high-speed  steel,  

hardened,  tempered  and  ground.    Lai^e 

mills  are  made  with  cast-iron  or  machine- 
steel  body  and  high-speed  steel  inserted 
teeth.  Lai^e  mills  are  often  nicked  to 
break  chips  and  reduce  friction. 

10.  Face  or  plain  milling  cutter,  Fig. 
6,  cuts  surface  parallel  to  its  axis.     Cutr 

tere  over  3"  in  width  have  helical  teeth;  Pia.6. — FachMiujno 
less  than  |",  have  straight  teeth.     They  Cuttbr. 

are  used  for  keyways,  slots,  cutting-off  stock  and  similar  work. 
Grind  clearance  on  teeth  6"  to  7"  for  cutters  under  3"  in 
diameter,  and  4°  to  5°  for  those  over  4". 
Excessive  clearance  will  cause  vibration. 
See  Coarse  Tooth,  Rake  Tooth,  and  Heli- 
cal Tooth  Milling  Cutters,  pp.  1046-1048.     \\ 

11.  Side  or  radial  mills   (shell-end  s.        LobkH 
mill),  Fig.  7,  cut  surfaces  perpendicular    ^v    I 
to  axis.     Grind  clearance  2°  to  4°  and  H. 
.001"  to    .002"    hollow,    or    lower    near  Pio.  7.— Shell-End  or 
center.     Excessive  clearance  will  cause  Side  Milu 
vibration. 

12.  Angular  cutters.  Fig,  8,  cut  surfaces  inclined  to  axis,  as 

45",  50",  60°,  70" 
and  80°.  Double- 
angle  cutters  have 
angles,  as  40"  and 
12",  48"  and  12", 
etc.  Grind  clear- 
ance same  as  face 
and  side  cutters. 
Ho.  8.  —  Angdlae  13^    Formed        Fig.  9.  —  Formed 

Milling  CrrreR.        ^jm^g  cutter,  "'"J""  Cotter. 

Fig.  9,  cuts  surfaces  of  curved  or  irregular  outline.     It  is  so 
relieved  that  clearance  does  not  have  to  be  considered.     The 
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CHART  OF  MILLING  CUTTERS 

HIGH  SPEED  OR  CARBON  STEEL 

FOUR  CLASSES 


PLAIN 
MILL 


FACE  OR  PLAIN 

inserted 
(nicked)  teeth 

2 


METAL 
SUTTIMC  S*^» 


SIDE  OR  RADIAL 


HEADING  OR 
STRADDLE 

5 


CENTER  CUT  END  MILL 

7 


IIOERTEO  T0OT>i 
SURFACE 

9 


SINGLE 
ANGLE 


10 


DOUBLE 
ANGLE 

11 


ANGULAR 

CUTTER  FOR 

SPIRAL  MILLS 


THREAD 

MILLING 


SPUR,  SPIRAL  AND 
WORM  GEAR  HOB 

14 


REAMER 
FLUTING 

16 


FORMED 

TWIST  DRILL 
GROOVING 


INVOLUTE 
GEAR  CUTTER 

18 


EPICYCLOIOAL 
<^AR  CUTTER 

19 


SPROCKET 
WHEEL 

20 


FORMING 
CONVEX 

21 


FORMING 
CONCAVE 

22 


FORMING 
IRREGULAR 

23 


Fia.  10. 
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teeth  must  be  ground  radially  and  equidistantly  or  it  will  not 
mill  its  correct  form. 

14.  Form  fwilling  cutters  are  made  and  sharpened  by  grind- 
ing the  top  of  the  teeth  the  same  as  ordinary  cutters,  but  are 
largely  superseded  by  formed  cutters. 

16.  FI7  cutter,  as  shown  in  Chart,  No.  24,  F^.  10,  is  an 
improvised  cutter  that  can  be  made  to  any  desired  form  for 
any  experimental  operation,   as  plain,   angular,   or  formed 

milling,  also  to  cut  the  teeth  of 

gears,  as  in  Fig.  11.  It  is  filed 
to  shape  with  clearance  back 
of  cutting  edge,  then  hardened, 
tempered  and  the  face  ground. 
It  is  securely  held  in  the  fly 
cutter  arbor.  As  there  is  only 
one  cutting  edge,  the  feed  must 
be  very  fine. 

16.  A  cotter  mill  is  often  used 

to  mill  slots.     See  C,  Fig.  42.         ^°-  ll-Ccrnna  Gbar  Tketb 

17.  Right  and  left  cutters.  —  *^  ^"  '^'^''■ 
Ordinary  milling  cutters  can  be  operated  both  right  and  left, 
according  to  which  side  is  placed  on  arbor  first.  Irregularly 
formed  cutters  are  obtainable,  right  or  left,  to  suit  different 
milling  naachines.  The  cutting  movement  of  a  right  cutter 
ia  the  same  as  that  of  a  regular  twist  drill. 

18.  The  correct  and  incorrect  direction  of  rotation  for 
horitontal  feed  is  shown  in  Figs.  12,  13. — To  mill  work  by 
falsing  knee,  that  is  vertical  feed,  work  should  be  on  side  of 
mill  moving  downward  to  avoid  tendency  of  mill  to  lift  work. 
For  a  very  thin  cutter,  set  gib  screws  hard,  or  use  a  counter- 
weight to  hold  table  back  because  back  lash  will  cause  teeth 
to  catch  and  break. 

19.  Opposite  catting  movements  of  different  machines. — 
B«fore  placing  a  cutter  on  a  milling-machine  arbor,  ascertain 
the  position  of  headstock  on  the  table,  whether  right  or  left, 
which  differs  on  different  makes  of  milling  machines.  See  Figs. 
W,  57.  Also  the  direction  of  cutting  movement  and  direction 
of  rotation  of  cutter  teeth. 
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20.  Selection  and  mounting  of  cutters  depends  on  nature 

of  work,  construc- 
tion of  machine  and 
available  cutters. 
Use  cutters  as  small 
as  work  will  permit 
as  they  have  a  short- 
er cut  and  require 
less  power.  End 
mills  or  side  mills  are 
the   f^test    cutters 


mmno  work 
AOAiMST  oirrniB 


FiQ.  12.  —  Correct 
Cutting  Movement. 
For  Horizontal 
Feed. 


as  they  have  more    ^la.  13.  —  Incorrect 
X     J.V    •  X     J.     J.       Cutting  MovEMEXT. 

teeth  in  contact  at      ^     „      ..^««., 
_  For  Horizontal 

once.      For  some      feed. 

operations,   as   cut- 
ting gears,  a  certain  type  of  formed  cutter  must  be  used. 
Before  mounting  a  cutter,  start  machine  and  note  direction 
of  rotation. 

Attention.  —  When  setting  up  machine,  all  parts  that  are 
fitted  or  clamped  together  must  be  wiped  clean.  Vise,  fix- 
tures and  work  must  be  held  securely. 

SPEEDS  AND  FEEDS 

21.  Cutting  speeds  for  milling  cutters  depend  on  tbe 
hardness  of  the  material,  depth  of  cut  and  stability  of  the 
machine,  therefore  only  approximate  speeds  are  suggested. 

Carbon  steel  cutters:  Cast  iron,  40  F.P.M.;  machine  steel, 
40  F.P.M.;  annealed  carbon  steel,  30  F.P.M.;  brass  or  com- 
position, 80  F.P.M. 

High-speed  steel  cutters:  Cast  iron,  80  F.P.M. ;  machine 
steel,  *0  F.P.M.;  annealed  carbon  steel,  60  F.P.M.;  brass 
or  composition,  160  F.P.M. 

For  great  accuracy,  rough  oversize  and  finish  with  a  light 
cut,  high  speed  and  fine  feed.  A  cutter  may  be  safely  rotatt^ii 
the  same  number  of  revolutions  as  lathe  work  equal  in  diam- 
eter to  cutter.  A  slitting  saw  will  stand  twice  the  cutting 
speed  of  a  large  plane  mill. 
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22.  Feed  for  milling  cutters  is  from  .002''  to  .250''  per 
cutter  revolution  and  depends  on  diameter  of  cutter,  kind  of 
material,  width  and  depth  of  cut,  size  of  work,  and  whether 
light  or  heavy  machine  is  used.  Plain  mills  will  stand  a 
coarse  feed;  angular  mills  will  not.  A  3"  plain  cutter  at 
40  F.P.M.,  feed  .040"  per  cutter  revolution,  will  produce  a 
finished  surface. 

As  a  large  part  of  milling  is  done  with  one  cut,  the  feed 
should  be  fine  enough  to  produce  a  smooth  surface.  When 
two  cuts  are  used,  it  is  best  to  try  a  low  speed  and  coarse  feed 
for  roughing,  and  a  faster  speed  and  finer  feed  for  finishing. 

Warning.  —  High  speeds,  not  coarse  feeds,  ruin  cutters. 
Watch  action  of  cutter,  belt  and  feed.  Too  fast  a  speed,  or 
a  dull  cutter  will  make  a  squeaking,  scraping  noise.  A  dull 
cutter  wears  rapidly  and  produces  a  rough  surface.  As  soon 
as  a  cutter  shows  dullness,  grind  it. 

23.  Lubricant  for  milling  cutters.  See  Table,  p.  l49. — 
Cast  iron  and  brass  or  composition  are  milled  dry.  A  jet 
of  air  to  remove  chips  will  admit  faster  feed  and  prolong  life 
of  cutter.  Lard  oil  is  used  on  tenacious  metals,,  such  as  steel 
and  wrought  iron.  A  stream  of  oil  under  pressure,  will 
wash  away  chips,  prevent  clogging  and  recutting  of  chips. 
For  ordinary  work,  drop  oil  on  cutter,  as  in  Fig.  50.  While 
lard  oil  is  best,  milUng  compounds  are  obtainable  which  are 
less  expensive,  or  a  soda-water  mixture  may  be  made,  as 
follows:  \  lb.  sal  soda,  §  pt.  lard  oil,  J  pt.  soft  soap  and 
water  to  make  10  qts.    Boil  one-half  hour. 

24.  To  mill  aluminum.  —  Speed  for  high-speed  steel  mill- 
ing cutters  110  F.P.M.  Feed  from  .007"  to  .250"  per  cutter 
revolution.  The  speed  and  feed  for  milling  aluminum  may 
be  from  26  per  cent  to  50  per  cent  higher  than  for  brass. 

Lubricant:  equal  parts  of  lard  oil  and  kerosene,  or  soap, 
water  and  kerosene;  or  lard  oil,  25  per  cent,  benzine,  75  per 
cent.  Some  prefer  a  compound  made  as  follows:  3  gals, 
mineral  lard  oil,  5  lbs.  sal  soda,  and  47  gals,  of  water. 

End  mills  or,  preferably,  high-speed  steel  inserted-tooth 
face  milling  cutters,  give  better  results  than  plain  milling 
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cutters  as  there  is  more  chip  room,  and  with  a  proper  lubri- 
cant, clogging  and  recutting  of  the  chips,  which  is  the  real 
trouble  in  milling  aluminum,  is  avoided. 

Example  in  milling  aluminum.  —  3^'  high-speed  sted  in- 
serted-tooth  face  milling  cutter,  as  in  Fig.  64:  speed,  3^' 
R.P.M.;  feed,  4.8"  P.M.,  lubricated  abundantly  with  a  mix- 
ture, one  part  aqualene,  20  parts  water,  will  produce  a  finely 
finished  surface. 

Information.  —  All  machining  operations,  as  turning,  driD- 
ing,  planing,  milling,  etc.,  on  other  metals,  may  be  applied 
to  aluminum  by  using  a  good  lubricant.  Pure  aluminuin 
does  not  machine  as  readily  as  some  of  the  standard  aluminum 
alloys.  In  general,  the  cutting  speed  should  be  higher  and 
the  feed  lower  than  for  brass. 

26.  To  mill  copper.  —  Speed  80  F.P.M.  or  a  little  lower 
than  for  brass.  Feed  .002"  to  .125"  per  cutter  revolution. 
Lubricant  same  as  for  aluminum,  or  milk  may  be  used. 

26.  Pickling  and  tumbling  castings  and  forgings.— The 
hard  scale  and  sand  should  be  removed  from  castings  before 
milling  by  tumbling  in  barrel  or  by  pickling.  Forgings 
should  be  pickled  as  the  scale  is  destructive  to  cutters.  See 
Pickling,  Principles  of  Machine  Work. 

MEASURING  WORK 

27.  To  set  cutter  by  trial  to  cut  required  depth. — Take 
short  cuts  and  test  depth  with  a  rule,  or  line  out  work  and 
take  short  cuts  to  line. 

28.  To  set  cutter  by  measurement,  start  machine  and 
move  work  under  cutter  by  hand  long,  feed;  then  raise  knee 
by  vertical  feed  shaft  until  work  just  touches  revolving  cutterj 
(or  take  a  short  trial  cut  less  than  required  depth  and  measure 
work  with  micrometer).  Set  dial  on  vertical  feed  at  zero  and 
move  work  away  from  cutter,  then  raise  knee  number  of 
thousandths  of  an  inch  required.  Move  table  slowly  to  cut 
by  hand  feed  to  avoid  breaking  cutter,  then  throw  in  power 
feed.  At  end  of  cut,  trip  feed  by  hand  or  automatically  by 
table  dog. 
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Fig.  14.  —  Settino   Vise    Jaws 
Paballel  to  Arbob. 


29.  The  limit  in  milling.  —  For  plain  milling,  as  bolt  heads, 
nuts  and  similar  work,  a  limit  of  from  .002'^  to  .004^'  is  allow- 
able.    On  fine  machine  parts, 

such  as  gun  work,  sewing 
machines,  typewriters,  electri- 
cal and  scientific  instruments, 
limits  from  .0005"  to  .002" 
are  allowable.  For  close  fits, 
mill  as  accurately  as  possible 
to  save  filling. 

PLAIN  MILLING 

30.  Methods  of  holding 
work  in  plain  milling  are  sim- 
ilar to  those  for  planing  or  drill- 
ing. There  are  three  general 
methods:  Holding  in  vise, 
clamping  to  table,  or  holding 
by  jig  or  fixture. 

31.  To  set  milling  machine 
vise  on  table  with  jaws  par- 
allel to  arbor,  see  Fig.  14,  and  at  right  angle  to  arbor,  see 
Fig.  15.     To  set  jaws  at  any  other  angle,  use- bevel  protractor, 
or  graduated  circle  at  base  of  swivel  vise,  Fig.  17. 


Fig.  15.  —  Setting  Vise  Jaws  at 
Right  Angle  to  Abbor. 


Fig.  16.  —  Face  Miluno. 
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32.  To  face  mill  work,  Fig.  16.  —  Drive  arbor  lightly  into 
spindle.  Place  cutter  on  arbor,  clamp  hard  and  adjust  to 
arm.  Bolt  vise  to  table  with  jaws  at  right  angle  to  arbor. 
Place  work  od  planer  paraUel  A,  and  clamp  hard.  As  pressure 
of  jaws  will  lift  work,  povind  with  soft  hammer  during  and 
after  clamping. 


Fio.  17.  —  Milling  Work  in  Swivil  Vise  Sbt  at  45". 


Fig.  18. —  Universal  Vibe  Set  at  45°  Vertically  to  Spindlk. 

33.  Graduated  swivel  vise,  Fig.  17,  is  used  for  milling  at 
an  angle  aa  shown.  The  width  of  the  slot  in  work  is  ad- 
justed by  inserting  thin  metal  or  paper  washers  between  the 
interlocking  aide-milling  cutters. 


ANGDLAR  MILLING 
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34.  A  uniTersal  vise  can  be  swung  to  almost  any  position, 
at  a  right  angle  to  plane  of  axis  of  spindle  and  45°  vertically, 
as  in  Fig.  IS,  or  at  an  angle  of  45°  vertically  and  horizontally, 
as  in  Fig.  19. 


Flo.  20. — McuNO  Slot  in  Work 
Hkld  m  Shell  Fixtubx. 


Fia.  21.  —  Beoinnino  and  £nix 
iNO  Cdtb  m  Gkoov«8,  FniTEa, 
Ketwats  and  Slotb. 


36.  Shell  fixture,  Fig.  20,  made  square  or  hexagonal,  and 
used  to  hold  two,  four  or  six-sided  work  witiiout  an  index 
tead.  For  shafts,  spindles  and  screws,  the  hole  is  straight. 
For  shanks  of  mills,  drills  and  arbors,  the  hole  is  taper.    A 
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screw  secures  work  in  fixture,  and  a  slot  permits  vise  to  d&mp 
work. 

36.  In  taking  short  trial  cuts  to  obtain  width  of  land  in  groov- 
ing taps,  fluting  reamers,  milling  teeth  of  cutters,  etc.,  it  is  well 
to  know  that  the  milling  cutter  does  not  cut  its  full  depth 
until  the  axis  of  the  cutter  has  passed  the  end  of  the  work  as 
shown  at  AA'^  Fig.  21.  To  avoid  a  curved  tooth  or  land, 
at  end  of  cut,  the  feed  must  be  continued  by  power  or  hand 
until  the  axis  of  the  cutter  has  passed  the  end  of  the  work  as 
shown  at  BB'  and  CC,  Fig.  21.  To  mill  the  bottom  of  a 
keyway  or  slot  straight  to  a  shoulder,  do  not  stop  the  feed 
until  the  axis  of  cutter  has  passed  the  shoulder  as  shown  at 
DD',  Fig.  21. 


Fig.  22.  —  Miujnq  Kbywat  in  Shaft. 


Information,  —  To  terminate  a  cut  automatically  at  end 
of  tooth  or  land,  mount  work  on  centers,  raise  table  until 
work  just   clears  cutter.    Start  machine  and   power  feed. 

• 

Sight  axis  of  cutter  and  end  of  tooth  or  blank  and  when  axis 
of  cutter  is  nearing  end  of  tooth  or  blank,  clamp  table  dog. 
Begin  cut  as  in  AA',  Fig.  21,  and  mill  one  groove  and  termi- 
nate cut  with  table  dog.  Then  adjust  dog  to  correct  length 
of  groove. 


MILLING  KEYWAY  IN  SHAFT 


1015 


37.   To  mill  keyway  or  slot  in  shaft.    Fig.  22. 

specifications:  Material,  machine  steel  shaft  cold  rolled,  turned 
or  ground,  IxV"  diameter.    Mill  keyway  i"  wide,  ^y"  deep. 

Machines  and  tools:  Milling  machine,  milling  machine  vise,  arbor 
i"  cutter,  rule,  planer  parallel,  lead  hanmier. 

Speed,  Ist  or  2d  speed  or  60  F.P.M. 

Feed,  medium  power  feed,  or  .010^'  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  10  min.  with  machine  "set  up.''    . 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


L  Clean  and  oil  machine  and 
vise. 

n.  Pteparatofy  adjustments.  Fas- 
ten milling  machine  vise  to  table 
with  jaws  at  right  angle  to  arbor. 
See  Fig.  15. 

Insert  clean  arbor  in  clean 
spindle  and  drive  lightly  with 
lead  hammer.  Place  cutter  on 
arbor  without  key,  to  cut  in  direc- 
tion of  rotation  as  shown,  and 
clamp  hard.  Oil  end  of  arbor 
and  adjust  arm  to  it. 

nL  Set  cutter  centraL  Raise 
table  and  move  cross  feed  imtil 
distance  A,  from  cutter  to  fixed 
jaw  Bj  equals  one-half  diameter  of 
shaft  less  one-half  width  of  cutter. 

Example:  shaft  =  1tV">  cut- 
ter =  J".  One-half  diameter  of 
shaft  =  iJ",  one-half  width  of 
cutter  =  i".    Thus  distance  A  = 


Clamp  cross  feed. 

IV.  Clamp  shaft  in  vise.  Lower 
table.  Place  shaft  C  on  paral- 
lel between  vise  jaws.  Clamp 
hard  and  drive  to  seat  with  lead 
hammer.  Draw  line  for  length 
of  keyway. 

V.  Take  trial  cuts.  Start  ma- 
chine and  take  a  few  short  trial 
cuts  with  hand  feed  imtil  cutter 
mills  its  width. 

VI.  Raise  table  for  depth  of 
keyway.  Move  work  away  from 
cutter.  Set  vertical  dial  at  zero 
and  raise  table  required  number  of 
thousandths  for  depth  D  (.094"). 

Feed  work  to  cutter  by  hand 
feed  then  throw  in  power  feed 
and  mill  keyway  with  one  cut. 
When  nearing  line,  trip  power 
feed  by  hand,  and  feed  to  line  by 
hand  feed. 


Attention.  —  When  milling  two  or  more  keyways,  slots,  grooves, 
etc.,  it  is  best  to  set  and  adjust  table  dog  to  trip  feed  automatically 
at  desired  length  of  cut. 

Warning,  —  To  avoid  injury,  keep  clothing  and  fingers  away  from 
revolving  cutters. 
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38.  Metal  sUtting  saw  A.  Fig.  23,  is  used  to  slit  Istbe  fool- 
stock  B,  held  by  fixture  C.  Also  to  cut  off  pieces  of  work  as  in 
Fig.24. 


Fid.  23, — SurrtNoLATSE 

FOOTSTOCK. 


CumKo  Off  Piec*», 


Fia,  25,  —  MiLUNQ  Dovetail,    Plain  Millino  Macbinb. 


39.  To  mill  doTetoil,  Fig.  25,  use  angular  shell  mill  .-1, 
mounted  oa  end  of  short  arbor  with  hand  vertical  feed.  If 
necessary,  raising  block  C  may  be  used  to  elevate  work  B 

40.  Planer-tTpe  milling  machine,  Fig.  26,  with  elevating 
spindle,  is  designed  for  heavy,  wide  and  long  cuts.  They  arc 
made  with  one  or  two  horizontal  heads  and  in  addition  one 
or  two  vertical  heads.     The  work  is  held  by  bolts,  clamps  and  ! 


r 
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screw  pins,  and  should  butt  against  pins  or  angle  plate  to 
prevent  slipping. 


Fia.  26,  —  Planbr-Ttph  Miluno  Machinb. 

41.  Gang  mills  are  made  by  combining  a  number  of  mills 
of  desired  shape,  as  in  Fig.  27,  and  enables  work  to  be  fin- 
ished in  one  operation. 


Fw.  27.  —  Gano  Millb.    Miluko  a  Cap. 


JIGS  AND  FIXTURES 

12.  Hilling  jigs  and  fixtures  are  used  where  a  number  of 
duplicate  parts  have  to  be  milled.     See  Figs.  28,  29,  30. 
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13.  Multiple  mming.  —  Use  milling  fixture,  Fig.  2S,  for  I 
rapid  production  of  keywsys.    It  is  bolted  to  table  and  hu  I 


"  MoLTtPLa  MiLLDJO.    MiLUNO  EETirArs  m  Thb«« 
SBAm  AT  0ms  Time. 


Fio.  29, —  CoMMBRaAL  MiLUNQ.  MANUPAcrnBiiTa  MiujNQ  Macs"*  i 

tliree  V-groovea  into  which  three  shafts  are  clamped,  and  U"*  | 
keywaya  milled  at  a  time.  ' 


JIGS  AND  FIXTURES  lOlQ 

44.  MauttfactaringtypeofnilUliig  machine,  1^^.29,  adapted 
to  accurate  duplicate  work  which  can  be  held  in  a  vise  or  jig, 
and  is  largely  used  in  gun,  sewing  machine,  typewriter,  and 
ahoe  machinery  work. 

4fi.  A  jig  for  milling  duplicate  machine  ports*  Fig.  30.  — 
The  mill  has  inserted  high-speed  steel  cutters,  held  in  place 
by  taper  pins. 


Pio.  80.  —  MnjJNO  DOPUCATB  WoKK.    Insebted  Tooth  Mill. 

INDEX  MILLING 

46.  ladezing  is  to  divide  work  into  aay  number  of  parts. 
There  are  three  methods:   Rapid,  plain  and  differential. 

Rapid  Indexing 

47.  Rf^id  indexing  is  done  by  an  index  plate  or  disk 
fastened  to  the  index  head  spindle  which  may  have  24,  30  or 
36  notches  or  holes  to  index  work  into  any  number  of  divi- 
aions  that  will  divide  these  numbers  evenly.  It  is  preferred 
for  work  that  requires  only  a  small  number  of  divisions,  as 
bolt  heads,  nuts,  grooving  taps,  etc, 

4S.  Holding  work  for  index  milling  is  amilar  to  holding 
work  in  an  engine  lathe.  There  are  three  general  methods; 
Mounting  on  centers,  on  mandrel,  or  by  securing  in  a  chuck. 
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49.   To  mill  bolt  head  and  nut  hexagonal  vith  heading 
mills,  bolt  head  milling  oiachine.    Fig.  31. 


Fia.  31.  —  McLiNO  Bolt  Head  and  Nut  Hexaoonai^ 

SpMificadoiis:  \"  bolt  turned  &ad  threaded,  with  }"  hexagonal  hesd 
and  nut  to  be  milled  to  \%".  ,  i 

Hachines  and  toots:  Bolt  head  milling  machine,  arbor,  index  hue  | 
and  imi^'crsal  chuck,  two  high-speed  8t«el  heading  mills,  \\"  spacmf 
collar,  milling-machine  nut  mandrel,  1"  micrometer. 

Speed,  60  F.P.M.,  or  lat  or  2d  speed.  ^ 

Feed,  medium  power  feed,  or  .007"  per  cutter  revolution. 

Lubricant,  lard  oil. 

nme:  for  nut  4  min.,  l>olt  5  min.  with  machine  "set  up." 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


I.  Cl«an  and  oil  machine  and 
index  head. 

n.  Preparatory  adjustments. 
Place  mills  A  on  arbor  without 
key,  to  cut  in  direction  of  rota- 
tion as  shown,  with  \^"  spacing 
collar  between  them  and  clamp 
hard.    Move   index   head   until 


chuck  jawB  are  i"  from  mil!- 
and  clamp  with  thumb  screirsoo 
slide.  Place  latch  Q'  in  notch  ir 
index  plate  0. 

lU.  Aline  mills  wiaichoctAtof 
mills  A  with  chuck  B,  by  «  ""' 
mandrel  (equal  in  diameter  to 
space  between  mills)  held  inrhuc* 


INDEX  MILUNG 


Move  spindle  C  endways  by 
adjusUng  nuts  on  front  box  with 
spanner  D,  until  niandrel  moved 
by  wheel  E,  will  pase  between 
mills. 

IV.  T«st  spacing  of  mills.  Test 
epOfCiiig  of  rnillH  by  milling  a  trial 
piece,  as  a  piece  of  shaft  clamped 
in  chuck.  Mill  two  sides  and 
measure  with  micrometer,  read- 
ing should  be  .8125"  to  .8155". 
If  measuremcDt  is  not  within  the 
limit,  adjustments  may  be  made, 
as  follows:  To  mill  larger,  place 
washers  of  thin  metal  or  paper 
of  the  desired  thickness  between 
mills  and  spacing  collar.  To  mill 
smaller,  square  ofC  sides  of  spacing 
collar. 

V.  Um  not  hexagonal.     Screw 


nut  hard  on  a  milling-machine 
nut  mandrel  held  between  copper 
jaws  in  a  vise.  Place  mandrel  in 
chuck  B,  with  nut  t"  from  the 
jaws  and  two  sides  of  nut  parallel 
to  mills,  and  clamp  hard.  Start 
machine  and  feed  nut  downward 
slowly  between  mills  by  hand 
wheel  E.  Mill  two  sides,  one  cut. 
Move  work  upward  until  clear  of 
mills.  Withdraw  latch  G',  index 
work  four  notches  on  index  plate 
G  by  revolving  with  pilot  wheel 
If.  Mill  remaning  sides  by  the 
same  method. 

VL  Um  bolt  head  hexagonal. 
Clamp  bolt  by  its  body  very  hard 
in  chuck  in  the  same  position  as 
the  nut,  and  mill  with  the  same 
setting  and  by  same  process. 


Fio.  32.  —  Ijtoexino  Mechanism. 
Plain  Indexing 
60.  Index  head  and  footstock,  Nos.  6,  7,  Fig.  1,  are  used 
on  plain  or  universal  milling  machines  to  do  all  kinds  of  index 
milling  (see  Spiral  Milling).  The  index  head  spindle.  Fig.  1, 
can  be  clamped  at  any  angle  with  table,  from  5"  below  hori- 
zontal to  10*  beyond  vertical.  The  footstock  center.  Fig.  1, 
can  be  adjusted  at  any  angle  in  vertical  plane. 
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61.  Index  mechanisin,  plain  indexing.  —  Tb-deteimuiejuy^ 
ber  of  turns  o^m^S^Btfl^^^^^A  to  revolve  crank  for  each 
division,  divide  40  by  number  of  divisions  of  work.  Worm 
gear  A,  Fig.  32,  has  40  teeth,  and  40  turns  of  crank  B  will 
rotate  spindle  C  one  revolution.  Where  40  divides  without 
a  remainder,  adjust  index  crank  pin  to  fit  any  hole  in  circlet 
and  turn  crank  twice  for  twenty  divisions,  four  times  for  ten 
divisions,  five  times  for  eight  divisions,  etc. 

62.  Use  of  index  plate  for  obtaining  fractional  part  of  revo- 
lution of  crank.  The  index  plate  contains  concentric  rows  of 
equidistant  holes,  as  in  Fig.  33.  The  three  index  plates  sup- 
plied with  head  have  different  numbers  of  holes 


Fig.  33.  —  Index  Plate. 


53.  The  sector,  Fig.  33,  consists  of  two  radial  arms  A,  B, 
that  span  required  number  of  holes,  and  are  clamped  by 
screw  C.  This  saves  counting  the  holes  after  first  time,  and 
eliminates  liability  of  error. 

Example  1.  —  To  divide  work  into  15  divisions. 

Solution.  —  ii  =  2f ,  number  of  turns  to  move  handle. 

Select  index  plate  with  hole  circle  divisible  by  3,  as  in 
Fig.  33  (18-hole  circle),  adjust  crank  to  allow  pin  D  to 
drop  into  a  hole  in  this  circle,  move  arm  A  against  it.  Re- 
lease screw  C  and  move  arm  B  until  it  spans  12  spaces, 
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13  holes  —  f  of  18.  Clamp  screw  C  Take  first  cut,  with- 
draw index  pin  and  secure  with  slight  turn.  Rotate  crank 
2  turns  and  12  spaces,  and  drop  crank  pin  in  hole  E.  Then 
with  finger,  draw  arm  A  around  until  it  is  against  index  pin, 
when  sector  arms  will  be  in  position  shown  by  dotted  arms 
A\  B\    Take  second  cut. 

Example  2.  —  To  divide  work  into  48  divisions. 

iSoItitton.  — IJ  =  i%. 

Select  plate  with  a  24-hoIe  circle  set  sector  arms  to  span 
21  holes,  or  20  spaces,  and  move  index  pin  that  amount  for 
each  division,  or  use  an  18-hole  circle  and  15  holes. 

64.  Graduated  sector  permits  arm  to  be  set  to  span  any 
number  of  holes  without  counting  by  data  given  in  table. 

B6«  Adjustable  crank  allows  index  pin  to  drop  into  near- 
est hole  to  start  cut  readily  at  a  desired  point  on  work. 

Warning.  —  There  must  be  one  more  hole  between  sector 
arms  than  number  obtained  by  calculation,  or  given  on  index 
table  for  holes  in  indexing  mean  spaces. 

66«  The  index  table  suppUed  with  machine  gives  data  for 
plain  and  differential  indexing. 

Differential  Indexing 

67.  Differential  indexing  is  used  to  index  prime,  fractional 
and  other  numbers  not  obtainable  by  plain  indexing. 

68.  Differential  principlei  Figs.  34, 35.  —  The  index  spindle 
is  geared  to  index  plate  with  gears  supplied  for  spiral  mill- 
ing. Indexing  is  done  on  rotating  index  plate  with  mecha- 
nism arranged  for  plain  indexing.  With  gears  at  a  ratio  of  1 
to  1  and  one  idler  to  rotate  index  plate  in  direction  of  index 
crank,  one  division  will  be  subtracted  from  regular  indexing. 
With  two  idlers  to  rotate  index  plate  opposite  to  index  crank, 
one  division  wiU  be  added. 

69.  To  obtain  ratio  of  gearingi  select  a  number  near  desired 
number  of  divisions,  which  can  be  indexed  by  plain  method. 
The  difference  between  these  two  numbers  will  represent  gear 
for  spindle.    Divide  selected  number  by  40  and  quotient  will 
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repreeent  gear  for  womi.  Multiply  each  by  a  constant  to  give 
available  gears.  If  selected  number  is  larger  than  desired 
number,  gearing  must  rotate  plate  with  crank;  if  smallet, 
oppo»te  to  crank. 


Fig.  34.  —  DiFraitENriAi,  Indxxinc)  itith  Simple  Gbarino. 


Example  1.  —  Simple  gearing,   Fig.   34.     Deaired  nombet 
of  divi^ons  233,  selected  number  240. 


Fia.  35.  —  DiFrBRBNTiAu  Inpbxino  with  CoUpodnd  Gbabimo. 
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Solution.  —  240  -  233  =  7.    7X8  =  56  gear  on  spindle. 

240  ^    40  =  6.    6  X  8  =  48  gear  on  worm. 
One  idler  about  44.  See  To  Calculate  Simple  Gearing,  p.  327. 
Example  2.  —  Compound  gearing^  Fig.  35.     Desired  num- 
ber of  divisions  257,  selected  number  245. 
Solution.  —  257  -  245  =  12.         12X8  ^  96 

245 -^    40  =  6i.        6J  X  8      49* 
„  ^    .  96      16  X  6      64  X  48 

Gear  on  spindle,  64.    First  gear  on  stud,  48. 
Second  gear  on  stud,  28.    Gear  on  worm,  56. 
One  idler  of  about  24.    See  To  Calculate  Compound  Gear- 
ing, p.  333. 

CALCULATING  DIAMETER  OF  BLANK  TO  MILL  SQUARE  OR 

HEXAGONAL 

80*  Diameter  to  turn  work  to  mitt  or  file  square  is  the 

product  of  diameter  across  the  flats  multiplied  by  1.414. 

Example,  —  Fig.  36.  What  diameter  must  a  piece  be  to 
mill  square  \Y  across  the  flats? 

Solution.  — 1.250^  X  1.414  =  1.767'  or  IJ^  diameter  of 
blank. 


Fig.  36.  —  Diagram  to  Tuhn 
Cylinder  to  Mill  Square. 


Fig.   37.  —  Diagram  to  Turn 
Cylinder  to  Mill  Hexagonal. 


61.  Diameter  to  turn  work  to  mill  or  file  hexagonal  is 

the  product  of  the  diameter  across  the  flats  multiplied  by 
1.155. 
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Example.  —  Fig.  37.  What  diameter  must  a  piece  be  to 
coill  hexagonal  1}'  across  the  flats? 

Saviion.  —  l-ZSO*  X  1.155  =•  1.444'  or  IH*  diameter  oi 
blank. 

62.  To  mill  bolt  head  hexagonal  witii  heading  mills,  uni- 
Tersal  or  plain  "liiiing  machine.    Fig.  38. 


Fia.  38.  —  MiLUNO  Hxzaoonal  Bolt  Hxad  ob  Ndt  with  Hxa^ 
INO  Mills. 


Spedficatiotu:  }"  bolt  turaed  and  threaded,  with  I"  hexagonal  hwi 
and  nut  to  be  milled  to  f  |". 

Hachinea  and  tools :  Universal  or  phun  milling  mactune,  arbor,  in- 
dex head  and  univeraal  chuck,  two  high-speed  sted  heading  mills,  md 
(I"  spacing-collar,  milling-machine  nut  mandrel. 

Speed,  60  F.F.M.,  or  Ist  or  2d  epeed. 

Feed,  medium  power  feed,  or  .010"  per  cutter  revolution. 

Lubricant,  lard  oil. 

Tim«:  fornut  4min.,  bolt  5  min.  with  machine  "setup." 
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SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


I.  Clean  and  oil  machine  in- 
eluding  index  head. 

n.  Preparatoiy  adjustments. 
Place  clean  arbor  in  clean  hole 
in  spindle  and  drive  lightly  with 
lead  hammer.  Place  mills  B  on 
arbor  without  key,  to  cut  in 
direction  of  rotation  as  shown, 
with  If"  spacing  collar  C  between- 
them,  and  clamp  hard.  Oil  end 
of  arbor,  adjust  and  clamp  arm. 
Fasten  index  head  on  dean  table. 
Set  index  spindle  and  chuck 
vertical,  as  shown.  Raise  table 
to  bring  chuck  jaws  about  i" 
below  mills. 

in.  Arrange  index  mechanism. 
For  rapid  indexing,  place  latch 
in  notch  in  index  plate  with  index 
pin  out.  For  pUun  indexing, 
place  index  pin  in  hole  in  39-hole 
circle  in  index  plate  with  latch  out. 
IV.  AHne  mills  witii  chuck  by 
nut  mandrel,  as  on  p.  lOao. 


V.  flfffl]  tmt  hexagosaL  Screw 
nut  hard  on  milling-machine  nut 
mandrel  held  between  copper  jaws 
in  vise,  place  mandrel  in  chuck 
with  nut  }''  above  jaws  and  two 
sides  of  nut  parallel  to  mills,  and 
clamp  hard.  Start  machine,  feed 
by  hand  and  mill  only  enough  to 
take  measurement.  Move  table 
back  until  nut  clears  miU.  Meas- 
ure across  flats  with  1"  microm- 
eter. Reading  should  be  from 
.8125"  to  .8156".  If  readmg  is 
not  within  limit,  make  corrections. 
See  p.  1021,  IV.  Index  a  sixth  of 
a  revolution  each  time  and  mill 
remaining  sides.  Use  power  feed 
and  adjust  table  dog  to  trip  feed 
automatically;  or  trip  feed  by 
hand  at  end  of  cut. 

VL  MiU  bolt  head  hexagonal. 
Clamp  bolt  by  body  in  chuck 
very  hard,  in  same  position  as  nut 
and  mill  same  as  nut. 


AUenium. — To  use  rapid  indexing,  see  p.  10l9,  revolve  index  head 
spindle  four  notches  in  24-notch  plate  after  each  cut. 

To  use  plain  indexing,  see  pp.  1021-1023,  adjust  index  crank  pin  to 
fit  a  39-hole  circle;  adjust  sector  to  span  26  spaces  or  27  holes  in  39- 
hole  circle.    After  each  cut,  revolve  crank  six  turns  and  26  spaces. 

InfarmaUon. — To  center  chuck  accurately  with  heading  mills, 
move  cross  feed  "out"  then  "in"  to  remove  back  lash.  Mill  one  side 
of  trial  piece  held  in  chuck  with  inside  of  outer  mill,  index  twenty 
turns  and  mill  opposite  side.  Measure  with  micrometer,  then  set 
dial  at  aero  and  move  cross  feed  inward  one-half  the  difference  be- 
tween size  of  trial  piece  and  space  between  cutters.  Example.  Siae 
of  trial  piece  f",  space  between  cutters  i|";  W  -  f"  «  fV"; 
ipf "  4-  2  =  A"  or  .094"  distance  to  move  cross  feed  inward. 
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63.  To  mill  square  head  with  end  mill.    Fig.  39. 


COLLET 
■NO  MLC      I 


iNoex 

HIAD 


Fio.  39.  —  MiLLiNO  Square  Head  with  End  Miix. 

Specifications:  1"  reamer  blank,  mill  head  on  shank  |"  sqiiare  and 
ii"  long. 

Machines  and  tools:  Universal  or  plain  milling  machine,  bolt-head- 
ing machine,  collet,  index  head  and  universal  chuck,  1^"  high-speed 
steel  end  mill,  1"  micrometer,  lead  hammer. 

Speed,  60  F.P.M.,  or  3d  speed. 

Feed,  medium  power,  or  .010"  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  15  min.  with  machine  ''set  up." 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


I.  Clean  and  oil  machine  in- 
cluding index  head. 

IL  Preparatory  adjustments. 
Clean  shank  of  end  mill  and  place 
in  clean  hole  in  collet,  and  place 
clean  collet  in  clean  hole  in  spindle 
and  drive  lightly  with  lead  ham- 
mer. 

Fasten  index  head  on  clean 
table.  Set  index  spindle  and 
chuck  vertical  as  shown.  Raise 
table  to  bring  chuck  jaws  about 
J"  below  end  mill. 

m.  Arrange  for  indexing,  rapid 
or  plain. 

IV.  To  mUl  square  head.  Place 
1"  reamer  or  tap  blank  in  chuck 


with  end  of  shank  }"  above  jaws 
and  clamp  hard. 

Start  machine,  move  work  in- 
ward to  take  cut  about  y  deep 
and  down  to  line  for  length 
of  square  head.  Feed  by  hand 
against  up-cutting  side  of  end 
mill  as  shown  by  arrows,  and  mill 
one  side. 

Move  table  back  until  work 
clears  mill,  revolve  work  one-half 
revolution  and  mill  opposite  side. 

Stop  machine,  move  table  back 
and  measure  work  with  microm- 
eter, and  from  reading  of  microm- 
eter subtract  the  finish  size  and 
di^nie    the    remainder    by  two, 


MILLING  ON  CENTERS  1029 

which  will  give  the  amount  to      move  work  inward  .0625."    Mill 


move  work  inward  to  obtun  cor- 
rect meaauremeot.  Example: 
Trial  cut  may  meaaure  .750", 
finiah  measurement  is  .625"  (.750" 
-  .625"  =  .125/'  .125"  +  2  = 
.0625",  the  amount  to  move  work 
inward). 
Set  cross-feed  dial  at  zero  and 


side,  index  and  mill  opposite  aide, 
measure  and  make  correction,  if 
necessary.  Mill  remaining  udes 
with  one  cut  each. 

Attenlion.  ~~Fi\e  sUght  bevels 
on  edges  of  squared  end  to  re-^ 
move  burr. 


MILLING  ON  CENTERS 


Fig.  40. — Millinq  End  or  Seaft  Square  Leatino  Cuhved  Shouldxe. 

64.  To  mill  end  of  shaft  square  with  curved  shoulder, 
Fig.  40.  —  Set  index  head  at  zero,  clamp  and  set  footstock 
spindle  in  alinement.  Mount  work  A  on  centers,  clamp 
dog  B  to  face  plate  C  with  screw  D.  Arrange  for  indexing, 
mount  end  miU  E  in  collet  and  set  dog  to  trip  feed  at  F. 
Take  trial  cuts  on  opposite  sides  and  measure  with  micrometer. 
Set  vertical  feed  dial  at  zero,  move  work  away  from  mill 
and  elevate  work  by  vertical  feed  shaft  one-half  ita  oversize. 
Mill  sides  in  order  with  one  cut  each. 

66.  Steady  rest  to  support  slender  work,  A,  Fig.  41.  —  To 
mill  the  grooves  in  rose  reamer,  use  convex  cutter  B  and  a 
special  angular  cutter  for  teeth  at  end. 

65.  To  flute  or  groove  small  reamers,  taps,  drills,  etc., 
hold  work  in  chuck  and  support  outer  end  by  steady  rest  with 
a  V-grooved  head  elevating  screw. 
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Fig.  41. —  SopPomiNa  Slemdbb  Wobk,  FmriNa  Rose  RKAunt, 
wiTB  Stbadt  Rbbt. 

OT.  To  mill  a  number  of  nuts  at  <Kice,  string  on  a  gang 
mandrel  and  clamp  between  shoulder  and  nut.  Mount 
mandrel  cm  centers  and  mill  nuts  similariy  to  milling  sqiuif 
end  of  a  shaft  as  in  Fig.  40.    Use  end,  plain,  or  heading  mill^ 


Fia.  42,  —  MiLUNQ  Kbtway  in  Shaft  with  Ckntbr-Cut  Ekd       | 
Mill  or  Cotteh  Miu..  j 

68.  To  mill  keyway  or  slot  in  shaft  with  center-cut  end  , 
mill,  Fig.  42.  —  Aline  index  centers  and  cone  spindle  by  W^ 
lines  on  knee  and  column.     Mount  one   end  of  shaft  A  P 


GROOVING  TAPS  1031 

chuck  and  the  other  end  on  footstock  center.  Mill  keyway 
with  center-cut  end  mill  B.  If  cotter  mill  C  is  used,  drill  a 
hole  in  shaft  in  which  to  start  mill. 


GROOVING  TAPS 

69.  To  groove  or  flute  tapSi  reamersi  cuttersi  etc.  —  Taps, 
reamerS;  cutters,  etc.,  are  grooved  or  fluted  by  milling,  to 
provide  cutting  edges  and  places  to  receive  and  discharge 
chips.  There  are  no  standards  for  depth  of  groove,  width 
of  land,  or  number  of  grooves. 

70.  Taps,  number  of  grooves,  rake  of  teeth.  Figs.  43,  44. 
—  Four  grooves  are  given  taps  up  to  3"  in  diameter,  and  five 
or  more  for  larger  diameters.  Hobs  for  tapping  threading 
dies  are  usually  given  from  six  to  eight  grooves. 


Fig.  43.  —  Tap  Gbooved  with  Fig.    44.  —  Commercial    Tap 

Special  Double-Angle  Tap  Grooved  with  Ck>NyEX  Cut- 

Cutter,  Radial  Teeth.  ter. 


For  tapping  all  kinds  of  metal,  the  two  forms  of  grooves 
in  Figs.  43,  44  are  largely  used,  and  each  cutter  is  suitable 
for  several  diameters  of  taps.  The  teeth  of  special  taps  for 
brass  are  often  given  a  negative  rake  (to  prevent  chattering) 
by  the  shape  of  the  grooves,  or  by  grinding  the  face  of  the 
teeth. 

To  give  parallel  lands  on  plug  or  bottoming  taps,  set  index 
centers  in  alinement;  but  on  taper  taps,  lower  index  head 
slightly  to  give  parallel  or  slightly  taper  lands. 
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71.  To   groove   a    tap.     Direct   method.      Double-an^ 
fimned  tap  cutter.  — Figs.  15,  46. 


FiQ.  45.  —  Grooving  Tap. 


:  J"  X  10  U.S.S.  taper  tap  blank  threaded,  and  with 
end  of  Bhank  milled  square.    Four  grooves. 

HachineB  and  tools:  Universal  or  plain  milling  machiae,  arbor,  in- 
dex head  and  centers,  No.  6  high-epeed  steel  double-angle  tap  cuttv, 
clamp  dog  or  special  driver. 

Speed,  60  F.P.M.,  or  let  or  2d  speed. 

Feed,  medium  power  feed,  or  .007"  per  cutter  revdution. 

Lubricant,  lard  oil. 

Time:  33  min.  with  machine  "set  up." 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


I.  Clean  and  oil  machine  and 
index  head. 

n.  Prepsratory  adjustments. 
Insert  ckan  arbor  in  clean  hole 
in  spindle.  Drive  aibor  lightly 
with  lead  hammer.  Place  cutter 
on  arbor  without  key  and  clamp 
hard.  Oil  end  of  arbor  and  adjust 
arm  to  bearing.  Fasten  index 
head  and  f ootetock  on  clean  table. 
Set  centers  in  horizontal  aline- 


ment,  then  lower  index  head  orn^ 
third  d^«e  to  give  slightly  tapfl 
Unds. 

in.  Arrange  for  indexing,  i^H 
or  plain. 

IV.  Mount  tap  blank  on  cen- 
ters. Fasten  clamp  d(%  or  spe- 
cial driver  on  tap,  oQ  dead  ceour 
and  mount  on  centers.  Clsnp 
tail  of  dog  m  face  plate  to  a\'wi 
backlash.    With  index  latch  in  I 
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notch  or  index  pin  in  hole,  lightly 
drive  face  plate  or  driver  with  lead 
hammer  until  eide  of  aquare  end 
of  tap  U  perpendicular  to  table, 
testing  with  square  resting  on 
table.  Start  machine  and  power 
feed  and  adjust  table  dog  to  stop 
feed  automatically  when  center 
of  cutter  has  pa^ed  last  thread 
on  tap,  see  p.  10l4. 

V.  To  obtain  depOi  of  Mtting. 
Raise  knee  until  highest  part  of 
tap  blank  touches  lai^est  diameter 
of  revolving  cutter. 

A  i»ece  of  white  paper  held  be- 
tween revolving  cutter  and  tap 
blank  will  indicate  touch.  Then 
set  vertical  feed  dial  at  zero. 

VL  To  obtain  aide  settiag.  Move 
crosa  feed  unt»l  outside  of  tap 
and  outside  of  cutter  are  in  same 
vertical  plane,  testing  by  square 
resting  on  table.  Then  set  cross- 
feed  dial  at  zero. 

Vn.  Move  boUi  feeds  required 
■mount  With  long-feed  handle, 
move  tap  away  from  cutter  and 
with  cross-feed  handle  move  tap 


outward  .150,"  see  A,  f^.  46. 
Then  with  vertical  feed  raise  tap 
.175,"  see  B,  F\g.  46.  Use  rapid 
method  of  indexing  and  mill 
four  grooves,  one  cut  for  each 
groove. 


Attention.  —  Data  may  be  ob- 
tained for  grooving  taps  of  all 
diameters  by  the  direct  method 
by  taking  experimental  cuts  on 
trial  blanks. 


72.  To  groove  tap,  trial  method. — Set 
cutt«r  approximately  central  to  footstock 
center.  Ubo  trial  blank  and  take  short  light 
cut.  Then  index  quarter  turn  and  take 
similar  cut  and  measure  land.  Kabe  knee 
a  small  amount  and  repeat  imtU  land  is 
proper  width.  Remove  trial  blank.  Move 
cross  feed  and  with  rule  set  small  angle  of 
cutter  in  alinement  with  center,  as  in  Fig. 
47,  that  is  radial  or  slightly  ahead  of  radial, 
ii  desired. 


Fio.  47. — SETTiNa 
Double -Angle 
CurrERa  to  M  m. 
Radial  Teeth. 
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FLUTING  REAMERS 


73.  Fluting  reamers.  —  For  reaming  all  kinds  of  metel, 
use  the  form  of  flute  in  Fig.  48,  which  gives  radial  cutting 
edges.    Each  cutter  may  be  used  for  several  diameters. 

The  cutting  edges  of  brass  reamers  are  often  made  to  recede 
from  a  radial  line  giving  a  n^ative  rake  from  5°  to  ID", 
Fig.  49. 


Fio.    48,  —  Form   of   Flutb    in  Fio,    49.  —  Fohm    of   Fmjt*   is 

Rbaubr  fob   Gbnebal  Work..  Rkauer    fob    Brabs.      Teeth 

Teeth   Radial.     Irbeoulablt  with  Nbqativb   Rakk,  Irbec- 

Spaced.  hiarlt  Spaced. 


Space  the  reamer  irregularly  to  avoid  chattering,  with  an 
even  number  of  teeth  and  with  opposite  cutting  edges  in  the 
same  diameter  so  that  it  can  be  measured  with  micrometer. 
The  irregularity,  1"  to  4"  from  equal  spacing,  is  obtained  bf 
subtracting  or  adding  a  predetermined  number  of  holes  to  or  i 
from  the  regular  indexing  for  each  pair  of  flutes  diametrically  | 
opposite. 

74.  Principle  of  indeziiig  and  fluting  a  1"  hand  reamer  to 
avoid  chattering.  —  The  teeth  are  spaced  two  bofes  in  the 
20-hole  circle  progressively  wider,  and  to  obtain,  lands  of  uni- 
form width  the  flutes  are  milled  .007"  progressively  deeper 
from  1  to  5  and  from  1'  to  5'. 
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FLUTING  REAMERS 
75.  To  flute  hand  reamer,  Fig.  50. 

Specifintioiia:  1"  hand 
reamer  blank  with  end  of 
shank  milled  square.  Ten 
flutes.    See  Fig.  48. 

Hacbines  and  tools: 
Universal  or  plain  milling 
machine,  arbor,  index 
head  and  centers,  high- 
speed steel  special  formed 
reamer  cutter,  clamp  dog 
or  special  driver. 

Speed,  60  F.P.M.,  lat 
or  2d  speed. 

Feed,  medium  power 
feed,  or  ,007"  per  cutter 
revolution. 

Lubricant,  lard  oil. 

Time:  50  min.  with 
machine  "set  up". 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  T00I5 


Flo.  50.  —  FbOTiNa  Hand  Reauxr; 


L  CUan  and  oil  machlae  and 
index  head. 

n.  Preparatory  adjustments. 
Insert  clean  arbor  in  clean  spindle. 
Drive  arbor  lightly  with  lead  ham- 
mer. Place  cutter  on  arbor  with- 
out key  and  clamp  hard. 

Oil  end  of  arbor  and  adjust 
arm  to  bearing.  Fasten  index 
head  and  f  ootstock  on  clean  ti^Ie. 
Set  centers  la  horizontal  aline- 
nient. 

m.  Arrange  for  plain  indexing 
10  teeth  with  a  ao-hole  circle. 

IV.  Hotmt  reamer  blank  or 
trial  blank  on  centen.  Fasten 
clamp  dog  or  speciid  driver  on 
square  end  of  reamo*  blank,  oil 
dead  center  and  mount  reamer 
blank  (or  trial  blank)  on  centers, 


see  Fig.  50.  To  avoid  back> 
lash,  clamp  tail  of  dog  in  face 
plat«  with  set  screw. 

Start  machine  and  power  feed 
and  adjust  table  dog  to  stop  the 
feed  automatically  when  the  cen- 
ter of  the  cutter  has  reached  the 
comer  of  the  bUnk.    See  p.  10l4. 


Fia.  SI.  —  DiAORAii  OF  Re&meb 
Showing  PRmciPLD  op  Irrbod- 
LAR  Spacino. 
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V.  To  obtain  width  of  Und  wifli 
trial  bUnlc.  It  is  safer  to  ob- 
tain width  of  land  and  setting 
of  cutter  with  a  trial  blank  the 
same  diameter  as  reamer  blank. 
8et  cutler  approxirtmteiy  central 
with  footstock  center,  and  mill 
two  flutes  to  ^ve  desired  width  of 
land  as  follows: 

lUuse  table  and  take  a  light 
Bhort  cut  in  1,  Fig.  51.  Move 
work  clear  of  cutter,  then  index 
three  turns  and  ^ghteen  holes. 
Raise  .007"  and  take  a  cut  in  2. 
Repeat  cuts  in  1  and  2  until  land 
is  ■\"  wide,  keeping  flut«  2,  .007" 
deeper  than  1. 

VI.  Set  cutter  radiaL  Remove 
trial  blank.  Move  cross  feed  and 
with  rule  set  angle  of  cutter  in 
atinement  with  center  (that  ia 
radial),  see  Fig.  47,  or  set  cutter 
ahead  of  radial,  if  it  is  desired  to 
have  face  of  teeth  ahead  of  radial. 


Or  set  cutter  to  give  a  negaiive 
tooth  if  it  is  desired  to  have  teeth 
with  negative  rake  for  brass. 

Vn.  Hill  flutes.  Mount  reaiER 
blank  on  centers,  and  mill  flute 
as  follows:  fi^in  at  1  with  cuiter 
set  at  depth  of  1,  with  vet- 
tical  dial  set  at  zero  and  mill 
flute  1.  Index  twenty  turns  aci 
mill  flute  1'.  R^ae  to  .007", 
index  three  turns  and  eigbt««i 
holes  and  mill  flute  2.' 

Index  twenty  turns  and  mill 
flute  2,  Raiae  to  .014,"  index/our 
turns  and  miU  flute  3.  Index 
twenty  turns  and  mill  flute  3 ' 
Raise  to  .021,"  index  four  tunis 
and  two  holes  and  mill  flute  4.' 
Index  twenty  turns  and  mill 
flute  4.  Raise  to  .028,"  indei: 
four  turns  and  four  holes  and 
TTiill  flute  5. 

Index  twenty  turns  and  mill 
flute  5'. 


76.  Electric  alann  to  call 
operator  when  feed  stops  an<i 
terminates  cut,  may  be  ar- 
ranged, as  at  A,  B,  Fig.  50. 
Metal  cap  A,  insulated  with 
fiber  or  vulcanite,  is  placed  on 
feed  trip  B.  One  wire  is  at- 
tached to  cap  and  runs  to 
battery  in  column.  The  other 
wire  connects  machine,  bel! 
and  battery.  When  table  dc$ 
C,  strikes  cap  A,  the  bell 
rings. 

MILLING  TEETH  OF  MILLING  CUTTER 
77.  To  mill  teeth  of  plain  milling  cutter,  Fig.  52. 


MILLING  TEETH  OF  MILLING  CUTTER 
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Specifications:  2^'  X  i''  plain  milling  cutter  blank,  carbon  or  high- 
)eed  steel  turned  and  squared,  18  teeth,  width  of  land  ^'^  See 
p.  1224,  1225. 

Machines  and  tools:  Universal  or  plain  milling  machine,  arbor,  70^ 
ngular  high-speed  steel  cutter,  index  head  and  centers,  mandrel, 
eg  or  special  driver. 

Speed,  60  F.P.M.,  or  Ist  or  2d  speed. 

Feed,  medium  power  feed,  or  .007"  per  cutter  revolution. 

Lubricant,  lard  oil. 

Time:  30  min.  with  machine  "set  up." 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


I.  Clean  and  oil  machine  and 
ndex  head. 

n.  Preparatory  adjustments. 
Insert  clean  arbor  in  clean  hole 
m  spindle.  Drive  arbor  lightly 
mih  lead  hammer.  Place  cutter 
on  arbor  without  key  and  clamp 
hard.  Oil  end  of  arbor  and  adjust 
arm  to  bearing. 

Fasten  index  head  and  foot- 
stock  on  clean  table.  Set  centers 
in  horizontal  alinement. 

in.  Arrange  plain  indexing  for 
18  teeth. 


HLMfl 


FOOT 
tTOOK 
MMTtJI 

Fio.  53. — Alining  Center  to 
Angular  Cutter  to  Obtain 
Radial  Teeth. 


IV.  Aline  cutter  and  center.  Set 
cutter  radial,  as  shown  in  Fig.  53. 

V.  Mount  work  on  centers. 
Force  mandrel  into  cutter  blank 
(or  use  gang  mandrel),  fasten 
dog  on  mandrel,  oil  dead  center 
and  mount  on  centers.  To  avoid 
backlash)  clamp  tail  of  dog  in 
face  plate  with  set  screw.  Start 
machine  and  power  feed,  and 
adjust  table  dog  to  stop  feed  auto- 
matically when  center  of  cut- 
ter has  passed  the  comer  of 
blank. 

VI.  Obtain  width  of  land  by  trial 
cuts  in  two  grooves.  Raise  table 
and  take  a  light  trial  cut  less 
than  required  depth  with  power 
feed.  Index  cutter  blank  forward 
for  the  next  tooth  and  take  simi- 
lar cut.  Then  raise  table  and 
take  trial  cuts  in  second  groove 
until  desired  width  of  land  (^^y") 
is  obtained. 

Vn.  Mill  teeth.  Index  and  mill 
all  teeth  with  one  cut  each. 


78,  To  mill  teeth  of  angular  cutter,  Fig.  54.  —  Mount 
angular  cutter  A,  on  milling  machine  arbor  B.  Mount 
angular  cutter  blank  C,  on  stub  arbor  i),  which  fits  the  index 


1938  ADVANCED  MACHINE  WORK 

head  apindle.  Raise  index  head  spindle  to  appronmalc 
angle  and  take  trial  cuts  and  adjust  angle  to  obtain  paraliri 
lands.     Then  raise  table  to  obtain  desired  width  of  land. 


Fig.  54.  —  Milumo  Tbbth  im  aw  ANom^AR  Cdttkr. 


79.  To  mill  radial  teeth  in  side  miUing  cutter,  Fig.  55. ' 
Mill  face  teeth  of  the  side  milling  cutter  A ,  in  the  same  niaiu>^ 
as  a  plain  mill,  with  small  angular  cutter  B,  on  arbor  C. 


LEVELING  TAPER  WORK  WITH  SURFACE  GAGE       1039 

Set  special  index  head  D  vertically,  then  ndjust  to  give  teeth 
with  parallel  lands.  Index  the  cutter  by  the  face  teeth  with 
latch  at  E. 

80.  To  level  or  set  taper  work  with  surface  gage,  as  the 
taper  tap  or  reamer  „„.„ 
blank  A,  Fig.  56, 
mount  on  centers  and 
test  with  surface  gage 
B.  Cut  deeper  at  one 
end,  as  shown  by  dot^ 
ted  line  CD,  so  that 
lands  will  be  parallel 
or  nearly  so.  Adjust 
acriber  to  touch  work 
at  E,  and  insert  metal 
piece  equal  in  thick- 
ness to  difference  in  depth  of  cut  at  F.  Adjust  work  by 
raising  dead  center  or  lowering  index  head. 


Flfl.  .t7.  —  MiLUNO  Taper  Wor::.     .Spi 
DoQ  AND  Dhu-e: 


81.  special  milling  machine  dogs  for  taper  work.  —  A  regu- 
lar d(^  will  spring  taper  work  unless  the  screw  confining  the 
^1  is  released  before  rotating  work. 

Figs.  56,  57,  show  two  types  of  special  milling  machine 
*lf«3  which  give  desired  motion  and  avoid  springing  work. 
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To  divide  taper  woric  exactly,  the  axis  ct  index  head, 
spindle  and  axis  of  dead  center  must  be  in  alinement.  Tbe 
footstock  center  on  8<Hne  macbines  can  be  adjusted  to  obtain 
this  alinement.  Taper  attachments  are  obtiunable  piovided 
with  index  centers  arranged  ao  that  axes  of  centers  are  always- 
in  alinement. 

82.  To  graduate  witb  a  milling  machine.  —  In  the  absence 
of  a  dividing  engine  and  diamond  cutter,  or  a  sharp-edge 
wheel  which  will  make  a  smooth  line  by  pressure,  use  an  index 
head  and  cutter  as  in  Fig.  5S  to  graduate  dials,  disks  and  simi- 
lar work.  Block  the  spindle  and  feed  work  to  cutter  by  hand 
Rules  and  scaJes  may  be  clamped  to  table  and  graduated  in 
this  manner. 


Fio.  S8.  ^GBAsUATDta  a  Dial. 


CIRCULAR  MILLING 


83.  Circular  milling. — To  mill  end  of  rectangular  piece 
with  end  mill,  Fig.  59,  secure  work  on  nut  mandrel  anti 
hold  in  chuck.  Feed  work  to  cut  by  rotating  crank.  To 
mill  a  portion  of  the  circumference  of  a  piece,  as  in  Rg,  60. 
use  rai^ng  block,  set  index  head  at  right  aisles  to  table  and 
feed  work  to  cut  by  crank.  In  F^.  61  is  shown  kmw  a  cam 
cutting  attachment  may  be  used  to  mill  a  bevel  gear  blank. 


CIRCULAR  MILLING 


Fia.  S9.  —  MiuiNQ  End  op  Work  Cucour. 


Flo.   60. MlLUNQ   ClRCCMFEBENCB  OW  WoBK, 


Via.  61,  —  CutCdLAB  MlLLIMO. 
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84.  Tee  slots  are  milled  more  rapidly  than  planed.  To 
mill  Tee  slots,  in  circular  table,  Fig,  62,  first  mill  portion  A 
with  an  end  mill  and  then  portion  BB'  with  a  Tee-slot  cutter. 


Fia.  02.  —  MuuNO  Tbb  Slots  in  a  CmcCLut  Tablb. 


-  Multiple  Mu.LiNa.    Miluno  Two  Slots  at  Oni 
Operation. 


To  mill  Tee  slots  in  heavy  work  such  as  millii^-machine  table, 
Fig.  63,  first  mill  portion  A  with  a  side-nulling  cutter,  tten 
mill  portion  BB'  with  a  Tee-slot  cutter.  Use  a  vertical  «'• 
tachment,  or  clamp  work  fiat  on  table  and  mill.  1 


VERTICAL  MILUNG 


VERTICAL  MILUNG 


66.  A  vertical  milling  machine  has  advantages  over  the 
horizontal  particularly  on  work  that  can  be  milled  with  end 
mills.     Fig.  64,  shows  an  inserted  rake-tooth  face  mill  A, 


Fig.  64.  —  Vertical  Milunq  Macbinii.    Face  Milunq. 

milling  a  plain  surface  on  work  £  in  a  vertical  milling  ma^ 
chine.    The  work  is  held  in  &  vise. 

86.  Vwtical  and  circular  milling  attachments.  —  Circles, 
circular  slots  and  segments  of  circles  may  be  milled  by  con- 
verting a  horiiontal  milling  machine  into  a  vertical  millii^ 
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machine  by  vertical  attacbmeot  as  in  Fig.  65.  The  work  is 
held  and  operated  by  fixture  and  circular  milling  attachment. 
Vertical  epindle  A  operates  end  mill  B  to  mill  a  segment  vl  t 


-  MlLLINQ  MACmNS  VTTa  VERTICAL  A 

ArrACHMBNTS. 


Fig.  66.  —  Bevbl  Cibcular  Millinq  with  Vbbucal  Mn-m™ 
Macbinx. 

circle  on  work  C,  held  by  fixture  D  bolted  to  circular  attWD' 
ment.    The  feed  is  obtained  by  rotating  circular  table  bJ 
hand  or  power. 
See  Inspection  of  a  Vertical  Milling  Machine,  p.  14li 
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87.  Bevel  circular  milliiig.  —  To  mill  work  A,  Fig.  66, 
(rotary  cone  of  a  circular  attachment)  bolt  to  table  of  circular 
attachment  B  and  mill  bevel  with  angular  mill  C. 

88.  Milling  aa  inside  boss,  Fig.  67.  — Hold  swinging  arm  A 
(castii^)  in  vise.    Mill  edge  B,  set  stop  C  and  feed  mill  down 


Fio.  67.  —  MiLUNo  *K  iNamx  Boss.    Viebtical  Mujjnq  Machine. 


Fia.  68.  —  MnjjNQ  Ends  or  SuDmo  Hbai>s  with  a  Vbrticai, 
MiLUNO  Macbinb. 

until  stop  strikes,  then  mill  inside  boss  DD',  operating  both 
cross  and  long,  table  feed  by  hand. 

89.  HUling  ends  of  sliding  heads,  Fig.  68.  —  Two  sliding 
head  castings  A,  A  are  bolted  to  fixture  clamped  to  table  and 
the  ends  of  boxes  are  milled  with  side  of  end  mill  B  with 
power  feed. 
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PKOFILING 

90.  Profiling  machines,  Fig.  69.  —  Mill  work  to  irreguki 
shapes  by  means  of  profiling  forms.  I 

In  Fig.  69  work  A  is  clamped  to  Bxture  B  and  face  C  is  I 
milled  with  cutter  D  while  form  pin  E  is  kept  in  contact  -viW.  ■. 
profiling  form  F  by  moving  table  C  with  long.-  and  cross-teeJ  ^ 
handles  together  by  hand.    See  plan  at  A',  C,  D',  E'  and  f '. 


Fio.  6S.  —  Profiuno.    Milunq  Ihreoular  Shapes. 

91.  To  make  profiling  form,  Fig.  69.  —Templet  H  is  ma*' 
and  clamped  in  position  of  work  A,  and  the  form  blank  in 
its  position  F  on  fixture.  Straight  form  pin  E  is  fastened 
in  block  J  and  held  in  contact  with  templet,  and  a  tapw 
cutter  in  spindle  generates  form  F.  The  taper  form  and  topcf 
pin  allow  for  reduction  in  diameter  of  cutter  by  grinding,  bv 
raising  pin  to  allow  cutter  to  resume  its  previous  relation  W 
work. 

Rake  Tooth  Milling  Cutters 

92.  Coarse  tooth  milling  cutters  give  wide  space  betwew 
the  teeth  for  chips,  and  are  adapted  to  the  heavier  claaes " 
milling. 
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93-  Rake  tootii  spiral  miUing  cutter  with  coarse  teeth. — 
•"ig.  70  shows  an  improved  spiral  milling  cutter  A.  The  teeth 
ire  undercut  giving  about  10°  rake,  as  at  B,  and  also  spiral 
giving  an  effective  shearing  angle.  Each  tooth  haa  a  true  cut- 
ing  action  like  a  lathe  tool. 


Fia.  70. — Rake  Tooib  Spiral  Miluno  Ccttbr  Miluno  Stekl. 
Heavy  Work. 

94.  Helical  tooth  milling  cutter  At  Fig.  71,  is  a  shear  type 
of  cutter  made  with  two  or  three  teeth  in  tho  form  of  a  screw 
thread,  either  «ngly  or  interlocking  right  and  left  cutters,  as 

ate. 

The  teeth  are  ground  on  the  front  and  on  the  top  and  have 
a  rake  of  8"  to  15°  and  a  clearance  of  5°  to  7°.  When  mill- 
ing steel  it  removes  a  gimlet-shaped  chip  in  the  direction  of 
(he  axis  of  the  cutter,  consumes  less  power  than  the  ordinary 
cutter,  does  not  spring  the  arbor  and  lai^ely  eliminates  chat- 
tering. 

It  is  adapted  to  miU  broad  steel  surfaces  accurately,  smoothly, 
and  rapidly,  and  is  particulariy  useful  for  milling  thin  castings 
that  are  likely  to  chatter.     See  Shear  Planer  Tool,  p.  908. 

96.  Thread  miller  (gear  headatock,  cone  drive),  Fig,  72, 
is  used  for  miUing  right  and  left  straight  and  tapered  threads, 
English  or  Metric  system,  on  taps,  hobs,  worms,  preciaon  screws 
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and  spiral  gears.    It  is  also  used  for  milling  oil  grooves  and 
splines  in  shafting. 


Fig.  71. — MnjJNQ  Steel.' 

96.  To  mill  a  thread  vith  a  thread  miller,  Fig.  72.  —  Mount 
screw  blank  A  on  center  or,  preferably,  hold  one  end  in  a  collet 
and  the  other  end  on  dead  center.  Fasten  cutter  on  arbor  d 
cutter  head  B  and  tilt  arbor  to  the  proper  angle  for  lead  of  thread 
as  shown  at  A'  and  B'.  Arrange  the  change  gears  for  the  pitch 
of  the  screw.  Move  cutter  forward  by  cross  slide  until  a  toolt 
of  the  cutter  touches  the  blank,  and  set  micrometer  head  oa 
cross  screw  at  zero.  Move  carriage  until  cutter  clears  end  of 
blank,  and  move  cutter  to  required  depth  of  thread  with  d^ 
crometer  cross-shde  screw.  Set  knock-off  feed  at  de^red  point. 
Arrange  speed.  Start  machine.  Lubricate  cutter  freely,  aod 
mill  thread  with  one  cut,  automatically.  An  index  and  taUw 
are  furnished  with  each  type  of  machine  ^ving  the  change  gears 
for  single  or  multiple  threads,  the  angles  for  setting  cutter  be»tl. 
and  the  depths  for  setting  the  cutters. 

97,  Collets.  —  It  is  best  to  hold  the  screw  blank  with  a  co!le; 
instead  of  on  centers.  One  end  of  the  screw  blank  is  held  firml^' 
in  a  collet  in  the  headstock  spindle  and  the  other  end  is  held  oa 
the  footstock  centers  if  the  work  is  long  and  slender  and  ne»^ 
support. 
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Fia.  72.  —  MiLUNG  Thread  with  Automatic  Thread  Milling 

Machine. 


98*  To  mill  multiple  threads,  notched  index  rings  are  used 
for  indexing  the  different  cuts. 

99.  To  mill  internal  threads,  special  thread  milling  cutters 
dre  obtainable. 

100.  To  sharpen  thread  milling  cutters,  an  automatic 
grinder  is  used. 

101.  PoUow-rests.  —  To  cut  screws  of  small  diameter 
which  would  be  likely  to  spring  away  from  the  cut,  foUow-rests, 
with  interchangeable  bushings  for  various  diameters  of  screw 
blanks^  are  furnished. 
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SECTION  11 

GEAR  CUTTING 

Spur  G««ring:  FonnuUs  in  Spur  G«aring,  Cutting  Spur  G««n,  0«n«nitiiig 
Spur  Gears,  Cutting  Intenul  Gears,  Cuttmg  Racks.    Spiral  G«aiiiig: 
Formulas  in  Spiral  Gearing,  Cutting  Spiral  Gears.    Worm  Gear- 
ing; Fomiiilas  in.  Worm  Gearing,  Cuttiiig  Worm  Gears,  Thread- 
ing Worms.    Hobbing  Gears.    Bevel  Gearing:  Fonnulas 
in  Berel  Gearing,  Cutting  Berel  Gears,  Planing 
Berel  Gears.  Testing  Gears.  Bevel  Pro- 
tractor.   Compound  Rest 
SPUR  GEARING 
1-   Spur  gears  are  used  for  transmitting  positive  and  uniform 
rotary  motion  from  one  shaft  to  another  shaft  which  is  parallel 
to  the  first. 


FiQ.l. — Involute      Fta.  2.  —  Involute  Gear      Fw,  3.  —  RoDOHma 
GEAJt  Cdttek.  and  Pinion.    Ratio  If        or  Stocking  Step- 

to  1.  FED  Gear  CcTTBR, 

2.  Sjrstems  <^  gearing.  —  There  are  two  systems  of  geari  ng : 
The  involute  or  single  curve  form  of  tooth,  as  shown  in  Fig.  2, 
and  the  epicycloidal  (cycloidal)  or  double  curve  form  of  tooth. 
The  epicycloidal  form  of  tooth  requires  an  exact  center  distance, 
but  with  the  involute  form  of  tooth,  the  center  distance  can  be 
varied  slightly  without  affecting  the  ruhning  of  the  gears. 
lloi 


1 
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The  involute  form  has  replaced  the  epicycloidal  to  such  an 
extent  that  the  latter  is  now  rarely  used. 

3*  Processes  of  cutting  gears.  —  At  A,  B,  C,  D,  and  E, 
Fig.  4,  are  shown  the  different  processes  used  in  cutting  gears. 

Cutting  a  spur,  bevel,  or  spiral  gear  with  a  formed  milling 
cutter  is  shown  at  A;  generating  a  spur,  spiral,  or  worm  ge&r 


aCAR 

CUTTCR 


OCA* 


MILUNO 


A  B  0  ^      D  E 

Fig.  4.  —  Pbincipal  Pbocsbses  op  Cuttinq  Geabs. 

with  a  hob  in  a  bobbing  machine,  at  B]  generating  a  spur  g^ar 
in  a  gear  shaper,  at  C;  generating  a  bevel  or  spur  gear  with  a 
single  tool  in  an  automatic  generating  bevel-gear  shaper,  at  D; 
and  planing  a  bevel  or  spur  gear  with  two  tools  in  an  automatic 
generating  bevel-gear  planer,  at  E. 

Beside  these  principal  processes,  small  internal  gears  can  be 
broached.  See  p.  543.  Cluster  gears  are  often  cut  in  a  gear 
shaper  or  slotter;  thin  gears  are  stamped  out  of  sheet  metal  on 
presses;  and  small  gears,  for  light  transmission,  are  often  die- 
cast. 

Attention.  —  Gears  may  be  cut  in  milling  machines;  but,  if 
required  in  quantities,  they  should  be  cut  with  automatic  ma- 
chines. 

Information.  —  Spur  gears  may  be  cut  over-size  in  standanl 
gear-cutting  machines,  heat  treated,  and  then  finish  ground  to 
size  in  special  machines.  Cast  gears  are  finish  ground  in  the 
same  manner. 

4.  Formed  gear  cutters  in  standard  diametral  and  circular 
pitches  are  obtainable.  One  cutter  will  answer  for  several  num- 
bers of  teeth  of  same  pitch  without  producing  any  material  error. 
Any  gear  will  mesh  into  and  run  properly  with  any  other  gear 
or  rack  of  the  same  pitch. 

Warning.  —  Gear  cutters  should  be  kept  sharp.  A  dull  cutter 
will  quickly  destroy  itself.    See  pp.  823,  824. 
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6.  Fly  cutters,  as  on  p.  1007,  may  be  ''  home-made  "  and 
used  for  a  special  job  of  bobbing  and  gear  cutting. 

6.  Cutters  for  the  two  systems  of  gearing.  —  In  the  in- 
mlute  system,  8  cutters  are  required  to  cut  all  gears  of  any  given 
pitch  from  a  pinion  gear  of  12  teeth  to  a  rack,  and  are  numbered 
from  1  to  8.  Cutters  are  obtainable  in  half-numbers  for  a  more 
accurate  form  of  tooth.  Special  cutters  may  be  ordered  for 
exact  numbers  of  teeth.  The  epicydoidal  system  requires  24 
cutters  lettered  from  A  to  X. 

7.  Involute  cutters. 


No. 

ON 

Cut- 
ter. 

Number 

OF 

Tbbth. 

No. 

ON 

Cut- 
ter. 

Number 

OF 

Tbbth. 

No. 

ON 

Cut- 
ter, 

Number 

OF 

Tbbth. 

No. 

ON 

Cut- 
ter. 

Number 

OF 

Teeth. 

1 

IJ 
2 

2J 

136  to  rack 
80  to  134 
55  to  134 
42  to  54 

3 
3J 
4 
4J 

35  to  54 
30  to  34 
26  to  34 
23  to  25 

5 
5J 
6 
61 

21  to  25 
10  to  20 
17  to  20 
15  to  16 

7 

7i 
8 

«    •   ■ 

14  to  16 

13 

12  to  13 

Attention,  —  Involute  cutters  are  obtainable  for  circular 
pitch  and  for  Metric  gears. 

Exception.  —  Involute  cutters  are  made  with  shoulder  for 
cutting  small  brass  gears.  They  are  known  as  '^ topping" 
cutters  and  have  no  clearance. 

8.  Epicydoidal  cutters. 


Let- 

Let- 

Lbt- 

Let- 

ter 

Num- 

ter 

-Number 

TER 

Number 

ter 

Number 

ON 

ber  OF 

ON 

OF 

ON 

OF 

ON 

OF  Tbbth. 

CUT^ 

Tbbth. 

CUT^ 

Tbbth. 

Cut- 

Teeth. 

Cut- 

tbr. 

TER. 

TER. 

ter. 

A 

12 

G 

18 

M 

27  to  29 

S 

60  to  74 

B 

13 

H 

19 

N 

30  to  33 

T 

75  to  99 

C 

14 

I 

20 

0 

34  to  37 

U 

100  to  149 

D 

15 

J 

21  to  22 

P 

38  to  42 

V 

150  to  249 

E 

16 

K 

23  to  24 

Q 

43  to  49 

w 

250  or  more 

F 

17 

h 

25  to  26 

R 

50  to  59 

X 

Rack 

Note.  —  Duplex  or  gang  gear  cutters  to  cut  two  or  more  teeth 
at  once  are  obtainable. 

Information.  —  Epicydoidal  gears  must  be  cut  accurately  to 
depth  so  that  pitch  lines  will  coincide.  Epicydoidal  cutters  are 
inade  with  a  shoulder  which  limits  depth  of  tooth. 
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9.  Limit  in  stzing  gear  blanks.  —  In  commercial  wort. 
spur  gear  blanks  from  4  to  6  pitch  may  vary  from  calculated 
outade  diameter  to  .005"  amaU;  6  to  10  pitch,  to  .004"  s 
and  12  to  20  pitch,  to  .003"  small. 

10.  Allow  for  error  of  blank  in  depth  of  teeth.  —  Measure 
blank  with  micrometer  and  if  under  size,  deduct  one-half  thi 
error  from  setting  for  depth  of  tooth. 

Example.  —  If  gear  blank,  F^,  11,  is  .002"  undersize,  deduci 
.001"  from  setting  of  .216". 
Solution.  —  .216  -  .001  =  .215",  depth  of  space  or  tooth 


Fio.  5.  —  Diagram  ov  Gear  Teeth  and  Parts. 
FORMULAS  IN  SPUR  GEARING 
11.  Diametral  pitch  is  the  number  of  teeth  to  each  inch  n( 
pitch  diameter. 

r,         1  r-.-        i    1    ■.  i_  number  of  teeth 

Formula.  —  Diametral  pitch  =>  -r— , — p : — t-. — ; — r  - 

pitch  diameter  (inchesj 
Example.  —  To  find  diametral  pitch,  given  number  of  teeth 
28,  pitch  diameter  2.8". 
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28 
Solution.  —  o^  =  10,  diametral  pitch. 

AUeniion.  — The  word  "diameter  "  applied  to  gears  means 
the  pitch  diameter.    See  Fig.  5. 

r,         T         -rw-       i.    1    -J.  1-       number  of  teeth  +  2 

Formula.  —  Diametral  pitch  =  t-tj — t- 1 

outside  diameter 

Example,  —  To  find  diametral  pitch,  given  outside  diameter 
b"j  number  of  teeth  48. 

Solution. r —  =  10,  diametral  pitch. 

o 

Formula.  —  Diametral  pitch  =  -; — \ rr-r- 

circular  pitch 

Example.  —  To  find  diametral  pitch,  given  circular  pitch  and 
constant  3.1416. 

3  1416 
Solution.  —    '    .^^  =  10  diametral  pitch. 

.«>14lo 

12.  Circular  pitch  is  the  distance  from  the  center  of  one  tooth 
to  the  center  of  the  next  tooth  measured  along  the  pitch  circle. 

Formula.  — Circular  pitch  =  j-, 2 — i — rr-r* 

diametral  pitch 

Example. — To  find  circular  pitch,  given  constant  3.1416  and 
diametral  pitch  10. 

Solution. '-jr —  =  .31416",  circular  pitch. 

13.  Outside  diameter  or  size  of  gear  blank.  Fig.  5.  — 

n         7         /-w  X  -J    J-       X         number  of  teeth  +  2 

Formula.  —  Outside  diameter  =  — tt : — -. — rr-rr 

diametral  pitch 

Example.  —  To  find  outside  diameter,  given  number  of  teeth 

28,  diametral  pitch  10. 

28  +  2 
Solution. jt: —  =  3"  outside  diameter  of  gear  blank. 

14.  The  pitch  diameteri  Fig.  5,  is  the  diameter  of  pitch 
circle.  mm  ..  ■ 

Tj         T         Tvx  1-  J'       X         number  of  teeth 

Formula.  —  Pitch  diameter  =  -j- 1 — 1 — ^nr  * 

diametral  pitch 

Example.  —  To  find  pitch  diameter,  given  number  of  teeth 

48,  diametral  pitch  10. 

Solution.  —  r^  =  4.8",  pitch  diameter. 
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16.  Number  of  teeth  on  gear. 

Formula.  —  Number  of  teeth  =  (outside  diameter  X  diam- 
etral pitch)  —  2. 

Example.  —  To  find  number  of  teeth,  given  outside  diameter 
5'',  diametral  pitch  10. 

Sdvlion.  —  (5  X  10)  -  2  =  48,  number  of  teeth. 

Formula.  —  Number  of  teeth  =  (pitch  diameter  X  diametral 
pitch. ) 

Example.  —  To  find  number  of  teeth  given  pitch  diameter 
2.8",  diametral  pitch  10. 

Solution.  —  2.8  X  10  =  28,  number  of  teeth. 

16.  To  find  distance  between  centers  of  two  gears.* 

Formula.  —  Distance  between  centers  = 

nimiber  of  teeth  one  gear  +  number  of  teeth  other  gear 

2  X  diametral  pitch 

Example. — To  find  the  distance  between  centers  of  two  gears, 
given  the  number  of  teeth  in  both  gears,  48  and  28,  and  the 
diametral  pitch  10.  I 

Solution.  —  ^  =  3.8000"  center  distance. 

Formula.  —  Distance  between  centers  = 

diameter  of  pitch  circle  of  gear+diameter  of  pitch  circle  of  pinion 

2 
Example. — To  find  the  distance  between  centers  of  two  gears, 
given  the  diameter  of  the  pitch  circles  of  both  gear  and  pinion. 

Solution. — s — '—  =  3.8000"  center  distance. 

17.  To  find  whole  depth  of  milled  gear  tooth  using  constant 
2.167.— 

Formula.  —  Whole  depth  of  milled  gear  tooth  = 

2.157 
diametral  pitch 

*  Often  called  center  to  center  (C  to  C). 
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Example.  —  Find  whole  depth  of  tooth  in  gear  of  10  pitch. 

2  157 
Solution. y^  =  .2157"  or  .216",  depth  of  space  or  tooth. 

18.  To  find  thickness  of  tooth  at  pitch  line.  Fig.  5,  given 
circular  pitch  •314". 

Pormvla,  —  Thickness  of  tooth  at  pitch  line  = ^ 

1.57 
or  ^=*  . 

diametral  pitch 

Example.  —  To    find  thickness   of  tooth,  given  diametral 

pitch  10.  *• 

1  57 
SoltUion, j^  =  .157",  thickness  of  tooth. 

19.  Clearance,  see  Fig.  5,  at  bottom  of  tooth  is  made  equal 
to  iV  thickness  of  tooth  at  pitch  line. 

The  clearance  of  10  pitch  gear  (gear  used  in  Schedule,  p. 
1116)  =  .0157". 

20.  Working  depth  of  tooth,  see  Fig.  5,  is  equal  to  the  whole 
depth  minus  the  clearance. 

For  10  pitch  .2157  -  .0157  =  .2000". 

21.  Addendum,  see  Fig.  5,  is  the  distance  from  the  pitch 
circle  to  outside  circle. 

Formula,  — Addendum  =  j.— — r — \ — rrir' 

diametral  pitch 

Example.  —  To  find  addendum,  given  diametral  pitch  8. 

Solution.  —  i  =  .125"  addendum. 

Dedendtim  is  the  depth  below  the  pitch  line  to  which  the 

tooth  of  the  mating  gear  extends. 

22.  To  find  whole  depth  of  gear-shaper  gear  tooth.    Con- 
stant 2.280". — 

Formula.  —  Whole    depth    of   gear-shaper    gear    tooth    = 
2.250 

diametral  pitch 
Example.  —  Find  depth  of  tooth  for  10  pitch  gear. 

Solution. ^TT-  =  .225",  depth  of  space  or  tooth. 
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23.  Table  of  Tooth  Parts. 


DIAMETRAL  PITCH  IN  FIRST  COLUMN 


Diame- 
tral 
Pinc^. 

Circular 
Pitch. 

Thickness 

or  Tooth 

ON  Pitch 

Line. 

Adden- 
dum 

AND 

Module. 

Working 

Depth 
OP  Tooth. 

Depth  of 
Space  Be- 
low Pitch 
Line. 

Whole 
Depih 
^    of  Tooth. 

p 

F 

i' 

a 

F 

a  -^  c 

F  +  c 

i 

6.2832 

3 . 1416 

2.0000 

4.0000 

2.3142 

4.3142 

i 

4.1888 

2.0944 

1.3333 

2.6666 

1.5428 

2.8761 

1 

3.1416 

1.5708 

1.0000 

2.0000 

1 . 1571 

2.1571 

U 

2.5133 

1.2566 

.8000 

1.6000 

.9257 

1.7257 

ij 

2.0944 

1.0472 

.6666 

1.3333 

.7714 

1.4381 

ij 

1.7952 

.8976 

.5714 

1.1429 

.6612 

1.2326 

o 

1.5708 

.7864 

.5000 

1.0000 

.5785 

1.0785 

21 

1.3963 

.6981 

.4444 

.8888 

.5143 

.9587 

2\ 

1.2566 

.6283 

.4000 

.8000 

.4628 

.862S 

2} 

1 . 1424 

.5712 

.3636 

.7273 

.4208 

.78*4 

3 

1.0472 

.5236 

.3333 

.6666 

.3857 

.7190 

3i 

.8976 

.4488 

.2857 

.5714 

.3306 

.6163 

4 

.7854 

.3927 

.2500 

.5000 

.2893 

.5393 

5 

.6283 

.3142 

.2000 

.4000 

.2314 

.4314 

6 

.5236 

.2618 

.1666 

.3333 

.1928 

.3595 

7 

.4488 

.2244 

.1429 

.2857 

.1653 

.3081 

8 

.3927 

.1963 

.1250 

.2500 

.1446 

.2696 

9 

.3491 

.1745 

.1111 

.2222 

.1286 

.2397 

10 

.3142 

.1571 

.1000 

.2000 

.1157 

.2157 

11 

.2856 

.1428 

.0909 

.1818 

.1052 

.1961 

12 

.2618 

.1309 

.0833 

.1666 

.0964 

.1798 

13 

.2417 

.1208 

.0769 

.1538 

.0890 

.1659 

14 

.2244 

.1122 

.0714 

.1429 

.0826 

.1541 

Module  is  used  in  the  metric  system  of  gear  teeth  and  i^ 
equal  to  the  pitch  diameter  in  millimeters  divided  by  the 
number  of  teeth  in  the  gear. 
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Table  of  Tooth  Paits  —  Concluded, 


DIAMETRAL  PITCH  IN  FIRST  COLUMN 


Thick- 

1 

1 

—  OR 

Depth  of 

TRAl. 

PnxjH. 

ness  OF 
Tooth  on 

P 

THE  Al>- 

Working 
Depth  op 

Space 
Below 

Whole 
Depth  of 

Pitch. 

Pitch 

DENDUM 

Tooth. 

Pitch 

Tooth 

Line. 

OR 

Line. 

1  Module. 

P 

P' 

f 

a 

F 

a  -\-  c 

F-hc 

15 

.2094 

.1047 

.0666 

.1333 

.0771 

.1438 

16 

.1963 

.0982 

.0625 

.  1250 

.0723 

.1348 

17 

.1848 

.0924 

.0588 

.1176 

.0681 

.1269 

18 

.1745 

.0873 

.0555 

.1111 

.0643 

.1198 

19 

.1653 

.0827 

.0526 

.1053 

.0609 

.1135 

20- 

.1571 

.0785 

.0500 

.1000 

.0579 

.1079 

22 

.1428 

.0714 

.0455 

.0909 

.0526 

.0980 

24 

.1309 

.0654 

.0417 

.0833 

.0482 

.0898 

26 

.1208 

.0604 

.0385 

.0769 

.0445 

.0829 

28 

.1122 

.0561 

.0357 

.0714 

.0413 

.0770 

30 

.1047 

.0524 

.0333 

.0666 

.0386 

.0719 

32 

.0982 

.0491 

.0312 

.0625 

.0362 

.0674 

34 

.0924 

.0462 

.0294 

.0588 

.0340 

.0634 

36 

.0873 

.0436 

.0278 

.0555 

.0321 

.0599 

38 

.0827 

.0413 

.0263 

.0526 

.0304 

.0568 

40 

.0785 

.0393 

.0250 

.0500 

.0289 

.0539 

42 

.0748 

.0374 

.0238 

.0476 

.0275 

.0514 

44 

.0714 

.0357 

.0227 

.0455 

.0263 

.0490 

46 

.0683 

.0341 

.0217 

.0435 

.0252 

.0469 

48 

.0654 

.0327 

.0208 

.0417 

.0241 

.0449 

50 

.0628 

.0314 

.0200 

.0400 

.0231 

.0431 

56 

.0561 

.0280 

.0178 

.0357 

.0207 

.0385 

60 

.0524 

.0262 

.0166 

.0333 

.0193 

.0360 
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24.  Table  of  Tooth  Parts. 

CIRCtlLAR  PITCH  IN  FIBST  COLUMN 


FORMULAS  IN  SPUR  GEARING 


nil 


rable  of  Toofh  Parts  —  Concluded. 


CIRCULAR  PITCH  IN  FIRST  COLUMN 


1// 


6.2832 

7.0685 

7.1808 

7.3304 

7.8640 

8.3776 

8.6394 

9.4248 

10.0531 

10.4719 

10.9956 

12.5664 

14.1372 

15.7080 

16.7652 

17.2788 

18.8496 

20.4203 

21.9911 

23.5619 

26.1327 

28.2743 

31.4159 

50.2655 

62.8318 


§ 


O 

3 


.2500 
.2222 
.2187 
.2143 
.2000 
.1875 
.1818 
.1666 
.1562 
.1500 
.1429 
.1250 
.1111 
.1000 
.0937 
.0909 
.0833 
.0769 
.0714 
.0666 
.0625 
.0555 
.0500 
.0312 
.0250 


g 


I 


g 


.1592 
.1415 
.1393 
.1364 
.1273 
.1194 
.1158 
.1061 
.0995 
.0955 
.0909 
.0796 
.0707 
.0637 
.0597 
.0579 
.0531 
.0489 
.0455 
.0425 
.0398 
.0354 
.0318 
.0199 
.0159 


.3183 
.2830 
.2785 
.2728 
.2546 
.2387 
.2316 
.2122 
.1989 
.1910 
.1819 
.1591 
.1415 
.1273 
.1194 
.1158 
.1061 
.0978 
.0910 
.0850 
.0796 
.0707 
.0637 
.0398 
.0318 


a-{-  c 


.1842 

.1637 

.1611 

.1578 

.1473 

.1381 

.1340 

.1228 

.1151 

.1105 

.1052 

.0921 

.0818 

.0737 

.0690 

.0670 

.0614 

.0566 

.0526 

.0492 

.0460 

.0409 

.0368 

.0230 

.0184 


F  +  c 


.3433 
.305^ 
.3003 
.2942 
.2746 
.2575 
.2498 
.2289 
.2146 
.2060 
.1962 
.1716 
.1526 
.1373 
.1287 
.1249 
.1144 
.1055 
.0981 
.0917 
.0858 
.0763 
.0687 
.0429 
.0343 


Oh 


S  M  (3 


P'X.3095 


.1547 
.1376 
.1354 
.1326 
.1238 
.1161 
.1125 
.1032 
.0967 
.0928 
.0884 
.0774 
.0688 
.0619 
.0580 
.0563 
.0616 
.0476 
.0442 
.0413 
.0387 
.0344 
.0309 
.0193 
.0155 


o  q  (C 

is 


P'X.3354 


.1677 
.1490 
.1467 
.1437 
.1341 
.1268 
.1219 
.1118 
.1048 
.1006 
.0968 
.0838 
.0745 
.0671 
.0629 
.0610 
.0569 
.0616 
.0479 
.0447 
.0419 
.0373 
.0335 
.0210 
.0168 
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CHORDAL  THICKNESS  AND  CORRECTED  ADDENDUM 

26.  To  measure  gear  teeth  accurately,  the  chordal  thickness 
and  corrected  addendum  *  must  be  used.  —  In  gears  of  pre- 
cision allowance  must  be  made  for  the  curve  of  the  circle  of  the 
pitch  line.  The  curve  of  the  top  of  the  tooth  also  affects  the 
distance  at  which  the  thickness  of  the  tooth  is  measured. 

Example,  —  When  measuring  a  tooth,  instead  of  using  the 
distance  a,  Fig.  6,  which  is  the  addendum  of  a  gear  tooth  as 
given  in  tables  on  pp.  1108-11 11,  use  distance  a'  which  is  the 
corrected  addendum  (a  +  iff  =  a').  For  the  thickness  of  the 
tooth  at  the  pitch  line,  measure  the  chordal  thickness  or  straight 
Une  measurement,  instead  of  using  the  thickness  of  the  tooth  as 
given  in  tables  on  pp.  II08-II11,  which  is  measured  on  an  arc 
or  part  of  a  circle. 

Notations:  —    V  =  chordal  thickness 

a'  =  corrected  addendum 
a  =  addendum 
H  =  height  of  arc 
D'  =  pitch  diameter 
jS  =  J  of  angle  subtended  by  circular  pitch. 

i'  =  D' sin/3 

„      D'(l-cos/3) 

^= 2 

a'  =  a  +  if  =  aH ^ — 5 

To  eliminate  the  necessity  of 
making  extended  calculations,  the 
table  on  p.  11 14  is  arranged.  To 
obtain  t'  and  a'  for  any  diametral 
pitch,  it  is  necessary  to  divide  the 
values  found  opposite  the  number 
of  teeth  by  the  diametral  pitch. 

Example,  —  8  diametral  pitch, 
32  teeth. 


Formulas:  — 


GEAR 
TOOTH 


«-• 


Fig.  6.  —  Diagram  of  Gear 
Tooth  Showing  Chordal 
Thickness. 


*  Corrected  addendum  is  often  called  chordal  addendum. 
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From  the  table  we  find  that  the  values  opposite  32  teeth  are 
\'  =  1.5702  and  a'  =  1.0193. 

For  8-pitch  gear,  i'  =  1.5702-4-  8  =  .1963'' chordal  thickness, 
and  a'  =  1.0193  h-  8  =  .1274",  corrected  addendum. 

For  any  circular  pitch  the  values  of  o!  and  i'  may  be  obtained 
by  multip]3dng  the  figures  in  table  on  p.  Ill4,  opposite  the  re- 
quired number  of  teeth,  by  the  value  of  a  taken  from  the  table 
of  tooth  parts  on  pp.  1108-11 11. 

Example.  —  f "  circular  pitch  —  20  teeth,    a  =  .1989". 

«'=  1.5692  X  .1989  =  .3121",  chordal  thickness. 

a'  =  1.0308  X  .1989  =  .2050",  corrected  addendum. 

26.  Gear  tooth  vernier.  —  These  dimensions  are  measured 
with  the  gear  tooth  vernier,  as  in  Fig.  7.    To  test  a  tooth,  two 


GEAR 
TOOTH 


Pig.  7.  —  Measuring  Chorda i.  Thickness  with  Gear  Tooth  Vernier. 

spaces  are  cut  in  the  gear  blank,  then  the  vertical  scale  A,  which 
is  graduated  to  read  by  means  of  vernier  B  to  thousandths  of 
an  inch,  is  set  by  the  adjusting  screws  to  the  dimension  of  the 
corrected  addendum.    The  caUper  is  then  placed  over  the  tooth 
and  the  sUding  jaw  C  is  moved  against  the  tooth  and  the  chordal 
thickness  measured  by  reading  the  graduated  bar  D  and  vernier 
E.     See  Vernier  Principle,  pp.  2ll,  2x2. 
Reading  gear-tooth  vernier  for  2  pitch  20  teeth.  Fig.  7, 
Corrected  addendum  (a')  =  1.0308  ^  2  =  .5154". 
Chordal  thickness  (iO  =  1.5692  ^  2  =  .7846". 
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27.  Table  of  chordal  thickness  of  gear  teeth. 


Num- 

Num- 

Num- 

ber OF 

t' 

a' 

ber  or 

t' 

a' 

ber  OF 

t' 

a' 

Teeth. 

Teeth. 

Teeth. 

6 

1.5529 

1.1022 

60 

1.6705 

1.0123 

94 

1.6707 

i.00':i5 

7 

1.5568 

1.0873 

61 

1.6706 

1.0121 

96 

1.6707 

i.oyu7 

8 

1.5607 

1.0769 

62 

1.5706 

1.0119 

96 

1.6707 

1.0i>4 

9 

1.5628 

1.0684 

63 

1.5706 

1.0117 

97 

1.5707 

l.ftM 

10 

1.5643 

1.0616 

64 

1.5706 

1.0114 

98 

1.6707 

i.a)t:^} 

11 

1.5654 

1.0559 

66 

1.5706 

1.0112 

99 

1.5707 

l.OOtJ 

12 

1.5663 

1.0514 

66 

1.5706 

1.0110 

100 

1.6707 

1.0f«Hl 

13 

1.5670 

1.0474 

67 

1.6706 

1.0108 

101 

1.6707 

1.006; 

14 

1.5675 

1.0440 

68 

1.5706 

1.0106 

102 

1.6707 

1.0(>-« 

16 

1.5679 

1.0411 

69 

1.5706 

1.0105 

108 

1.6707 

l.OiV-) 

16 

1.5683 

1.0385 

60 

1.6706 

1.0102 

104 

1.5707 

l.OCIx^ 

17 

1.5686 

1.0362 

61 

1.6706 

1.0101 

106 

1.6707 

i.oa'>9 

18 

1.5688 

1.0342 

62 

1.5706 

1.0100 

106 

1.5707 

i.oa->^ 

19 

1.5690 

1.0324 

63 

1.5706 

1.0098 

107 

1.6707 

i.ai>^ 

20 

1.5692 

1.0308 

64 

1.6706 

1.0097 

106 

1.5707 

1.0057 

21 

1.5694 

1.0294 

66 

1.5706 

1.0095 

100 

1.5707 

1.00^.7 

22    . 

1.5695 

1.0281 

66 

1.5706 

1.0094 

UO 

1.6707 

l.OtV^ 

23 

1.5696 

1.0268 

67 

1.6706 

1.0092 

lU 

1.6707 

i.oa-jd 

24 

1.5697 

1.0257 

68 

1.5706 

1.0091 

112 

1.5707 

i.a:c>j 

26 

1.5698 

1.0247 

69 

1.5707 

1.0090 

113 

1.5707 

l.OCiSi 

26 

1.5698 

1.0237 

70 

1.5707 

1.0088 

U4 

1.5707 

1.0(Vit 

27 

1.5699 

1.0228 

71 

1.5707 

1.0087 

U6 

1.6707 

1.0(>->i 

28 

1.5700 

1.0220 

72 

1.6707 

1.0086 

116 

1.6707 

i.6rvi 

29 

1.5700 

1.0213 

78 

1.6707 

1.0085 

117 

1.5707 

1.03-^ 

30 

1.5701 

1.0208 

74 

1.6707 

1.0084 

118 

1.5707 

i.oiri3 

31 

1.5701 

1.0199 

76 

1.5707 

1.0083 

119 

1.6707 

1.0ll.i2 

32 

1.5702 

1.0193 

76 

1.5707 

1.0081 

120 

1.6707 

1.0t\-2 

33 

1.5702 

1.0187 

77 

1.5707 

1.0080 

121 

1.6707 

i.ot;<oi 

34 

1.5702 

1.0181 

78 

1.5707 

1.0079 

122 

1.6707 

i.aioi 

36 

1.5702 

1.0176 

79 

1.6707 

1.0078 

123 

1.5707 

1.00,30 

36 

1.5703 

1.0171 

80 

1.5707 

1.0077 

124 

1.5707 

l.OlVXi 

37 

1.5703 

1.0167 

81 

1.6707 

1.0076 

126 

1.5707 

l.OtMS 

38 

1.5703 

1.0162 

82 

1.6707 

1.0075 

126 

1.6707 

1.0049 

39 

1.5704 

1.0158 

83 

1.5707 

1.0074 

127 

1.6707 

i.o<:>49 

40 

1.5704 

1.0154 

84 

1.5707 

1.0074 

128 

1.6707 

I.OIHS 

41 

1.5704 

1.0150 

86 

1.5707 

1.0073 

129 

1.5707 

I.OIM^ 

42 

1.5704 

1.0147 

86 

1.5707 

1.0072 

130 

1.5707 

1.0147 

43 

1.5705 

1.0143 

87 

1.5707 

1.0071 

m 

1.5708 

1.0047 

44 

1.5705 

1.0140 

88 

1.5707 

1.0070 

132 

1.5708 

l.(W47 

46 

1.5705 

1.0137 

89 

1.5707 

1.0069 

133 

1.5708 

1.0i>47 

46 

1.5705 

1.0134 

90 

1.5707 

1.0068 

134 

1.570S 

1.0<J44> 

47 

1.5705 

1.0131 

91 

1.5707 

1.0068 

136 

1,5708 

1.00-46 

48 

1.5705 

1.0129 

92 

1.5707 

1.0067 

49 

1.5705 

1.0126 

93 

1.5707 

1.0067 

INVOLUTE  GEAR  TEETH 


Ills 


CHART  OF  GEAR  TEETH     FULL  SIZE 

U-"U 


U 

LA 

4 
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r 


28.  Gear  rule.  —  Fig.  9  shows  a  gear  rule  with  graduatioa^^ 
for  sizing  gear  blanks  of  a  large  variety  of  pitches. 


B— 1^ 


7S  TEETH     12  PITCH 
PITCH  DIAMCTCII    6^' 


ouTsioc  ouMrrcii    < 


ii 


II 
I 


Fig.  9.  —  Gear  Rule. 


Example.  —  To  set  the  calipers  for  a  gear  blank,  78  teeth,  12 
pitch.  Divide  the  number  of  teeth  by  the  pitch,  as  78  ^  12  =^ 
6i^j"  which  is  the  pitch  diameter;  then  take  6  of  the  blank 
inches  and  6  of  the  12th  graduations  which  gives  6A">  *s  a: 
A.  To  this  add  2  of  the  12ths  which  gives  6tV",  as  at  B,  Xb 
setting  of  cahpers  for  outside  diameter  of  blank. 

PREPARING  A  SPUR-OEAR  BLANK  ^ 

29.  To  prepare  spur-pinion  blank,  10  pitch,  28  teeth,  in* 
volute.     Fig.  10.     Also  see  Specifications,  p.  Ill8. 


®-<2H5X^ 


Fig.  10.  —  Schedule  Drawing  of  Spur  Gear. 

Specifications:  Material,  iron  casting  J"  lai^e;  weight  2  lbs.  802. 

Hardness,  29  to  31  (scleroscope). 

High-speed  steel  or  stellite  cutting  tools. 

Time  to  prepare  3"  gear  blank:  Study  drawing  and  schedule  ir 
advance,  5  min.  —  Oil  lathe,  6  min.  —  Chuck,  20  min.  —  Rough  Ui^' 
19  min.  —  Finish  turn,  11  min.  —  File  and  scrape,  7  min.  —  Polish,  H 
min.  —  Clean  lathe,  6  min.  —  Total,  1  h.  24  min- 


PREPARING  SPUR  GEAR  BLANK 
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SCHEDULE  OF   OPERATIONS,  MACHINES  AND  TOOLS 

Tools. 


Opbbations. 


tag  casting. 

t  dead  center  in  approximate 
alinement. 

ount    casting  in  chuck  and 
tma  up. 

rill  and  power  ream  hole  (l), 
(2).     See  pp.  409.  4l7. 


Land  ream  hole.  Start  reamer 
in  lathe,  pull  belt  by  hand, 
finish  at  reaming  stand  (3). 
See  p.  4l6.  Figs.  22,  23. 

)il  mandrel  and  press  into  bole. 

.^rue  Uve  center.  Set  dead 
center  in  accurate  alinement. 

lough  tnm  3"+ A".  (*)•  See 
p.  307. 


aough  faces  to  1  A"+  A",  'eed 
inward.  (•),  («).     See  p.  307. 


Finish  to  size,  feed  oulward,  (7) , 
(8).     See  p.  425. 

Finish  turn  to  3"  +  .004".  (»). 


FUe  to  3"  -f  .0015".  (!•). 

PoUsh  (7).  (8).     Polish  (!•)  to 
limit. 

Stamp  name. 

Cut  teeth  (il).     See  p.  Ill8. 


Machines.  Speeds. 
Feeds. 


Engine  lathe,  12"  to 

16". 
3d  or  4th  speed. 

1st  or  2d  speed,  or  1 15 
R.P.M.  Hand  feed. 


Reaming  stand. 


Mandrel  press. 

3d  speed,  or  60  F.P.M. 

Engine  lathe.  12"  to 
16".  3d  or  4th  speed, 
back  gears  in,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

4th  speed,  back  gears 
in,  or  40  F.P.M. 
Medium  power  feed 
—  80  to  1". 

3d  speed  or  60  F.P.M. 
Hand  or  fine  power 
feed  —  140  to  1". 

2d  or  3d  speed  or  60 
F.P.M.  Fine  power 
feed  —  140  to  1'' 


\n 


3d  speed,  or   175 

F.P.M. 
Speed  lathe,   highest 

speed. 

Anvil,  piece  of  sheet 
copper. 


Independent  chuck, 
chalk. 

Centering  tool,  f}" 
twist  drill  and 
holder,  fluted 
chucking  reamer, 
.005"  small. 

1"  hand  reamer, 
reamer  wrench. 


1"  mandrel. 
Center  truing   tool, 

center  gage. 
Holder  and  cutter  15® 

rake,  calipers. 


Holder  and  cutter 
15*^  rake,  calipers, 
rule. 

Holder  and  cutter 
15°  rake,  or  facing 
tool,  calipers,  rule. 

Holder  and  cutter 
15*»  rake,  3"  mi- 
crometer or  3"  cal- 
iper gage. 

8"  or  10"  mill-bas- 
tard file,  file  card. 

Polishing  stick,  60, 
90  emery  cloth, 
lard  oil. 

J"  steel  letters,  ham- 
mer. 


Exception.  —  Filing^  scraping  and  polLshing  are  usually  omitted  on 
large  gears  and  on  gears  that  are  not  to  be  exposed. 

To  prepare  5"  gear  blank  (see  Specifications,  p.  11 18  and  Fig. 
2)  use  same  schedule  as  3"  gear  blank,  pp.  III6,  lll7,  but  use  low- 
est speeds  given. 

Time  to  prepare  a  5"  gear  blank:  Study  schedule  in  advance,  5 
min.  —  Oil  lathe,  6  min.  —  Chuck,  20  min.  —  Rough  turn,  21  min. — 
Finish  turn,  21  min. —  File  and  scrape,  7  min.  —  Polish,  12  min. — 
Paint,  3  min.  —  Clean  lathe,  5  min.  —  Total,  1  h.  40  min. 
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30.  To  cut  spur  gear  Rod  pinion, 
machine,  Fig.  11. 


CUTTING  SPUB  GEARS 

Plflin  Of  uniTerBttl  m^TKiig 


Flo.  11.  —  CDTTDia  Tbbth  in  Spur  Pinion. 


N&ME. 

Gbar. 

Pinion, 

hamm. 

Gbab. 

PlKIOX, 

Material  . . . 

Ciron 

Ciron 

Depth  of  Bpaoe 

.216" 

.216" 

W  — Web.. 

Web 

Plain 

Thieknesa  of 

tooth  at  P.  L. 

.  157" 

.157" 

Stylo 

Spur 

Spur 

Depth  of  tooth 
atP.  L.    (Ad- 

,100" 

.100" 

Hole. 

1" 

1" 

Cutter  marked. 

*3-10P. 
36  to  64 
involute. 

M-10  P. 
26  to  34  T. 
involulc 

0.  dU. 

6" 

3" 

Center  distance 

3.8" 

3.8" 

Face. 

lA" 

I  A" 

i"  X  i" 

1"  X  \" 

2" 
Fluab 

Hubproi'D. 

F.P.M. 

48 

23 

Feed 

Medium 
.014"  p< 

jower  f»d- 

10 

10 

Lubricant 

lutioD 

Pitch 

P.  dia 

4.8" 

2.8" 

Time  to  cut  gear  and  pinion:  Study  drawing  and  schedule  in  ad- 
vance, Smin. — OU  machine,  5  min.  —  "Set  up " machine, 25 min. 
—  Cut5"gearwith  machine  "set  up,"  48  min.  —  Cut  3"  pinion  with 
"set  up,"  28  min.  —  Clean  maciiine,  5  min. 
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SCHEDULE  OF  OPERATIONS  FOR  PINION 


L  Ctean  and  oil  machine  and 
index  head. 

n.  Prepaxmtory  adjustments. 
Insert  dean  arbor  in  clean  spindle. 
Drive  arbor  lightly  with  lead 
haminer. 

Place  cutter  A  on  arbor  B  to 
cut  in  direction  of  rotation  and 
clamp  hard.  Oil  end  of  aibor  and 
adjust  arm  to  bearing.  Fasten 
index  head  and  f  ootstock  on  clean 
table. 

Set  centers  in  horisontai  aline- 
ment.  On  universal  milling  ma- 
chine, set  swivel  table  at  zero. 

IIL  Ammge  for  plain  indexing, 
28  teeth. 

IV.  Set  gear  cutter  central  (Ap- 
proxmiate  Method).     Raise  knee 


FiQ.  12. — Setting  Gbab  Cuttkb 

CSNTRAL. 

and  move  cross  slide  until  foot- 
stock  center  coincides  with  cen- 
ter line  oa  oatter  A'  and  clamp 
cross  slide,  then  lower  knee  to 


leave  room  enough  to  mount  work. 

V.  Mount  gear  blank  on  centers. 
F^ress  mandrel  C  firmly  into  blank 
D,  oil  f ootstock  center  and  mount 
mandrel  cm  centers  securing  dog 
E  in  driver  by  screw  F. 

VL  Set  machine  for  depth  of 
teeth.  Start  machine.  Move  table 
by  hand  long,  feed  until  blank  D  is 
under  revolving  cutter  A,  Hold 
.001^'  tissue  paper  on  top  of  blank 
and  raise  knee  until  revolving  cut- 
ter cuts  paper.  Then  set  vertical 
dial  at  zero  and  move  blank  back 
imtil  clear  of  cutter.  Raise  knee 
.216'^  required  depth  of  space  or 
tooth.    See  Attention, 

Vn.  Mill  trial  tooth.  Move 
table  by  hand  long,  feed  imtil 
cutter  nearly  touches  blank,  then 
throw  in  power  feed  and  mill 
first  space,  one  cut.  Set  table 
dog  to  trip  feed  when  center  of 
cutter  has  passed  far  comer  of 
gear  blank.  At  end  of  cut,  move 
table  back  untal  blank  is  clear  of 
cutter;  index  and  cut  second 
space  to  form  first  tooth.  Meas- 
ure tooth  and  make  corrections, 
if  necessary.    See  Figs.  7,  52. 

Vm.  Mill  28  teeth.  With 
setting  correct,  mill  teeth  all- 
aroimd  blank,  one  cut  each. 


Warning.  —  When  raising  knee  to  obtain  touch,  cutter  should 
be  revolving,  otherwise  it  may  cut  too  deeply,  as  cutters  do  not 
always  run  true.  It  is  best  to  stop  the  machine  before  moving 
the  table  back,  as  the  revolving  cutter  may  scrape  the  teeth 
more  or  less. 

Attention.  —  For  greater  accuracy,  two  spaces  are  first  cut 
less  than  the  required  depth,  and  the  tooth  measured  with  a 
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vernier  caliper.  See  Chordal  Thickness,  pp.  Ill2-lll4.  aii- 
Figs.  6,  7.  Then  the  spaces  are  cut  deeper  until  the  measurt- 
ment  shows  that  the  tooth  is  of  correct  thickness. 

Information.  —  To  cut  two  or  more  gears,  see  Gang  Mandn^, 
p.  422. 

31.  To  set  gear  cutter  central  (Accurate  Method).  —  Fa^t- 
running  gears  are  noisy  unless  teeth  are  exactly  central.  ;n-: 
cutter  central,  as  at  A',  Fig.  12  (this  method  will  do  for  sloiv- 
running  gears) ,  and  cut  space  in  trial  blank.  Take  d(^  off  man- 
drel, remount  mandrel  reversed  and  free  on  centers. 


Move  blank  toward  back  of  teeth  until  cutter  is  in  the  space.  ■ 
Pull  belt  to  revolve  cutter  and  if  it  cuts  at  top  on  one  side  of 
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ace  and  at  bottom  on  the  other,  it  is  not  central  and  blank 
ould  be  moved  slightly  away  with,  crose  feed  from  eide  of  cut- 
r  that  cuts  side  of  space  at  top.  Repeat  process  at  other 
aces  on  trial  blank  until  cutter  passes  through  a  reversed  spEice 
thout  cutting  and  ia  central. 

Note.  —  The  information  given  in  Schedule  for  cutting  spur 
gear  in  a  milling  machine  is 
needed  when  cutting  a  similar 
spur  gear  in  an  automatic  gear- 
cutting  machine  and  is,  practi- 
cally, used  in  the  same   man- 


0.  14.  —  iNsiixiNo  Mechanism.  Fig.  15.  —  Testing  Abbob  and  8bt- 
AuTOKATic  Spur-  and  Bevel-  ting  Cotter  Central.  Automatic 
Gbab  Cuttino  Macbike.  Spdb-  and  Bevel-Qear  Cuttino 

Machine. 


32.  Automat  spur-  and  bevel-gear  cutting  machines  are 
used  for  cutting  spur  gears  (see  Fig.  13),  bevel  gears  (see  Fig.  54), 
and  internal  gears  (see  Fig.  19). 
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33.  To  cut  Spur  gear  in  an  automatic  machine,  the  gear  i 
mounted  upon  an  arbor  in  the  headstock  spindle  and  the  cut^.c 
upon  a  cutter  spindle,  as  in  Fig.  13. 

The  indexing  is  automatic  and  the  machine  stops  when  tfa 
last  tooth  is  cut.  This  is  obtained  by  an  arrangement  of  chang 
gears  and  indexing  mechanism,  as  in  Fig.  14.  Data  for  indexin 
any  number  of  teeth  is  obtained  from  tables  supplied  with  gpai 
cutting  machines.  Adjustments  for  setting  the  gear  and  cuite 
are  practically  the  same  as  those  given  in  schedule  for  cutting 
spur  gear  in  a  milling  machine,  pp.  Ill8,  lll9. 

34.  To  cut  spur  gear  and  pinion.  Automatic  spur-  an 
bevel-gear  cutting  machine,  Figs.  13,  14,  15. 


SPECIFICATIONS  FOR  CUTTING  SPUR  GEAR  AND 

PINION,  nOS.  18,  11,  16 


Name. 


Material .  .  .  . 

Design 

Style 

Hole 

O.  diam 

Face 

Hub.  diam. . . 
Hub.  proj'n. . 
No.  of  teeth 

Pitch 

P.  diam. . . 


Gear. 


C  iron 


Web 


Spur 


4 


PiNIOX. 


5.167 


// 


3// 
'4 


li 


3/' 

4 


60 


12 


5" 


Steel 


Plain 


Spur 


\ff 


3.167" 


i" 


2 

36 
12 
3" 


Name. 


Whole  depth  of 
tooth 

Thickness    of 
tooth  at  P.  L. 

Depth  of  tooth 
at  P.  L.  (Ad- 
dendum) .... 

Chordal  thick- 
ness   

Corrected  ad- 
dendum   

Cutter  marked 

Center  distance 

Keyway 

Revs,  of  cutter . 
Feed  per  min. . 
Lu)}ricant 


Geab. 


// 


1798 


1309" 


0833" 


13088" 


.0842" 

#2-12  P. 
55  to   134 
T.,     invo- 
lute. 


: 


60 
2" 
Dry 


// 


PiSJOV. 


"IW'' 


17% 


.1309" 


.0833" 


.130S5' 


.0848" 

/3-12  P. 
35-54  T.. 
involutc- 


,'  jy 


4" 

A"  X  jV 

60 
2" 
Lard  oil 
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SCHEDULE  OF  OPERATIONS  FOR  GEAR 


Arrange  index  change  gears  for 
70  teeth. 

Place  gear  100,  Fig.  14,  on  lock- 
ing disk  shaft  A;  gear  50,  1st 
gear,  on  arm  stud  B;  gear  60,  2d 
gear,  on  arm  stud  B;  gear  70,  3d 
gear,  on  bevel  gear  stud  C;  then 
set  knob  D  in  No.  1  slot  to  give 
one  turn  of  locking  disk  E  for 
indexing. 

Arrange  speed  and  feed  change 
gears  inside  box  F,  Fig.  13. 

Set  lever  G,  Fig.  13,  central 
(out  of  mesh). 

Mount  arbor  H\  Fig.  15,  in 
spindle.  Test  with  dial  test  indi- 
cator J  and  correct  error  by  tissue 
paper  between  spindle  and  arbor. 
Mount  gear  blank  X,  Fig.  13, 
on  arbor  H. 

Mount  cutter  LL\  Fig.  15,  on 
cutter  spindle  M  and-set  central, 
testing  with  indicator  N,  clamped 
to  bed.  Indicate  opposite  sides 
of  cutter  about  on  pitch  line  by 
reversing  indicator  arm,  as  at  N', 
Adjust  cutter  by  screw  P\  Fig.  15, 
until  readings  are  equidistant 
from  zero  line  on  plate  then  clamp 
spindle. 

Set  cutter  slide  Q,  Fig.  13,  at 
zero  on  graduated  arc  R  by  pinion 
Sj  and  clamp. 

Move  carriage  T  under  blank 
by  crank  handle  C7,  and  clamp. 

Loosen  bolts  on  spindle-head 
slide  F,  and  lower  blank  slowly  to 


touch  revolving  cutter  (use  .002" 
white  paper  to  indicate  touch)  by 
hand  wheel  W. 

Set  dial  X  at  zero. 

Run  cutter  clear  of  blank. 

Caliper  diameter  of  blank, 
make  allowance  for  error  (see  p. 
1104),  lower  blank  a  httle  more 
than  depth  of  cut,  to  take  up  back 
lash  of  screw,  then  raise  to  exact 
depth  =  .431"  +  .002"  for  white 
paper,  and  clamp  slide.  Adjust 
rim  rest  Y  against  blank  to  take 
thrust  when  cutting  teeth,  and 
test,-  to  prevent  excessive  friction, 
by  disengaging  worm  1,  Fig.  14, 
from  index  wheel  2'  by  lever  3, 
and  rotate  wheel  by  hand. 

When  correct,  engage  index 
wheeL  Set  reversing  dogs  to  give 
length  of  cut. 

Start  machine,  throw  lever  G, 
Fig.  13,  forward  which  starts  auto- 
matic feed  cutter  slide  and  index 
mechanism. 

Cut  two  spaces  and  run  cutter 
slide  back  by  hand.  Index  gear 
part  way  around  by  lever  8',  Fig. 
14,  then  measure  thickness  of 
tooth  at  pitch  line  with  gear  tooth 
vernier.  Make  corrections  by 
changing  depth  of  cut. 

When  correct  tooth  is  obtained, 
continue  cutting  teeth  all  around 
gear  by  automatic  index,  and  feed. 

Note.  —  After  first  cut,  readjust 
reversing  dogs  if  necessary. 
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36.  Generating  spur  gears  in  a  gear  shaper.  Fig.  16. — 
This  gear  shaper  cuts  spur  gears,  involute  teeth,  by  a  generating 
)rocess. 

The  high-speed  or  carbon-steel  cutter  is  a  gear  generated  by 

i  grinding  process  controlled  by  two  metal  tapes  and  a  rolling 

cylinder  which  produces  an  involute  curve. 

3n^  cutter  is  all  that  is  required  for  each 

pitch  up  to  the  capacity  of  the  machine. 

The  action  of  this  gear-like  cutter  is  similar 

to  that  of  a  shaper  tool  and,  for  ordinary 

spur  gears,  cuts  on  the  up  or  ''pull"  stroke. 

As  the  cutter-slide  moves  up  and  down,  T 

both  cutter  and  gear  blank  rotate  t(^ther  _       .^       ^ 

.V  A«  J  A        •     J  i_     XL     Fig.    17.  —  Cutter 

m  the  proper  ratio  as  deternuned  by  the      ^^^^  ^^  ^  ^^^^ 

number  of  teeth  in  the  cutter  and  the  num-      Shapbr. 

ber  of  teeth  to  be  cut,  which  is  controlled 

by  a  train  of  change  gears  and  an  indexing  mechanism. 

In  one  revolution  of  the  gear,  the  cutter  forms  tooth  spaces 
and  teeth  of  the  proper  shape  to  mesh  with  any  gear  of  the  same 
pitch.  For  cutting  teeth  in  cluster  gears  having  two  or  more 
diameters  on  the  same  piece,  or  close  to  a  shoulder  which  is 
larger  than  the  root  diameter  of  the  gear,  the  cutter  is  reversed 
and  the  cut  made  on  the  "push"  stroke.  Whenever  the  direc- 
tion of  the  cutis  changed,  the  mechanism  for  relieving  the  work 
from  the  cutter  must  be  reversed;  this  is  done  by  changing  the 
stud,  in  the  internal  driving  gear  operating  the  plungers  at  the 
rear  of  the  machine,  to  the  hole  marked  "push  stroke"  or  "pull 
stroke." 

This  relieving  mechanism  on  some  styles  of  machines  draws 
the  cutter  from  contact  with  the  gear  on  the  return  stroke;  and 
on  others,  the  gear  is  withdrawn  from  the  cutter. 

To  set  the  machine  for  cutting  spur  gears,  place  cutter  A, 
Fig.  16,  on  cutter  spindle  and  fasten  it  securely.  Arrange 
change  gears  B  for  the  number  of  teeth  to  be  cut.  (The  chart 
furnished  with  the  machine  gives  the  change  gears  required  for 
any  number  of  gear  teeth.)  Pull  belt  C  by  hand  until  the 
plungers  on  rear  of  machine  are  raised  clear  of  the  lever  on  the 


1126  ADVANCED   MACHINE  WORK 

back  of  the  apron;  then,  with  detachable  lever  D,  swing  aprou 
E  open  to  receive  the  work.  Place  gear  blank  F  on  arbor  anJ 
fasten  it  securely.  Swing  apron  into  place  and  again  pull  belt 
by  hand  until  the  plungers  run  back  into  the  rolls  on  apron  lever. 
To  set  cutter  stroke,  turn  crank-adjusting  screw  G  until  pointer 
is  on  graduation  for  width  of  gear  blank.  The  mechanifaii 
allows  for  ^  of  an  inch  over  travel  at  beginning  of  cut  and  ^f  of 
an  inch  at  the  end.  To  set  machine  for  pitch  of  gear  to  be  cut, 
turn  stud  J  backward  then  forward  to  take  up  backlash  until 
the  pitch  line  on  pitch  dial  H  coincides  with  the  zero  line  on  the 
machine.  Now  set  cutter  slide  on  the  "up"  stroke  and  with 
crank  handle  on  squared  end  of  upper  index  shaft  K,  rotate 
cutter  until  one  of  its  teeth  is  central  with  work  spindle.  This 
is  determined  by  the  centering  gage  provided  with  the  ma- 
chine. Place  crank  handle  on  stud  L  and  move  cutter  toward 
the  work  until  the  thin  setting  gage  (.019"  thick)  will  pinch 
between  cutter  and  gear  blank.  This  completes  the  setting. 
Now  start  the  machine  and  set  the  timing  mechanism  by 
turning  stud  M,  Start  the  feed  by  throwing  in  starting  lever 
N  and  the  cutter  will  feed  into  the  blank  until  it  reaches  th:" 
proper  depth,  when  the  depth-feed  automatically  stops  and  thi* 
rotary  feed  starts;  and  after  the  gear  is  completed  the  rotar> 
feed  stops  and  bell  P  rings.  The  machine  can  be  set  by  mean:^ 
of  stop  pins  Q  and  K  to  finish  the  gear  in  two  cuts. 

Attention.  —  This  machine  is  also  used  to  cut  sprockets. 
ratchets,  and  cams,  and  for  graduating. 

CUTTING  INTERNAL  GEARS 

36.  Internal  gear,  Fig.  18,  may  be  cut  with  formed  milling 
cutters  by  making  the  gear  in  the  form  of  a  ring  which  is  secured 
to  a  backing  plate  after  the  teeth  have  been  cut. 

37.  To  cut  internal  gear  with  an  automatic  gear-cuttmg 
machine.  —  Hold  internal  gear  blank  A,  Fig.  19,  in  special 
chuck  B,  Mount  cutter  C  upon  the  projecting  arm  of  attach- 
ment D.  Cutter  is  driven  by  the  main  cutter  spindle  through 
a  train  of  gears  so  that  it  enters  the  internal  gear  and  work^ 
upon  its  inner  periphery. 
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The  automatic  indexiiig  of  the  blank  and  the  return  of  the 
itter  is  the  aame  as  for  spur  gears. 


Fig.  18. — Internal  Geab  ANt>  Pinion.    Ratio  41  to  19. 


The  shape  of  the  apace  in  an  internal  gear  is  the  aame  as  the 
ooth  of  a  spur  gear  and  reqmres  a  special  cutter.  For  ordinaiy 
rork  use  the  same  cutter  as  for  spur  gears. 


\ 
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38.  Generating  internal  gear.  Fig.  20.  - 
teeth  are  cut  on  the  inner  surface  of  a  ring. 


In  this  case  the 


Fig.  20.  —  Genebatino  Internal  Gear  in  Gear  Shaper. 

The  cutter  A  is  used  in  the  inverted  position  so  as  to  cut  on 
the  push  stroke.  An  intermediate  gear  is  introduced  into  the 
train  of  change  gears,  to  make  the  gear  and  cutter  rotate- 
in  the  proper  direction. 

39.  Spur  helical  gears.  Fig.  21,  are  spin-  gears  with  the  teeth 
cut  at  an  angle  to  the  axis. 

These  gears  are  mounted  on  parallel  shafts  and  operate  like 
ordinary  spur  gears  except  that  the  engagement  of  the  teeth 
is  continuous  which  tends  toward  noiseless  action.  They  may 
be  cut  in  a  milling  machine  or  in  a  helical  gear  shaper.  Hie 
principle  of  the  helical  gear  shaper  is  the  same  as  that  of  the  gear 
shaper  for  generating  spur  gears.  The  helical  cutter  is  gener- 
ated Uke  the  spur  gear  cutter  and  is  finished  by  a  similar  grinding 
process.  The  only  difference  in  the  mechanism  of  this  machine 
is  in  the  design  of  the  cutter  sUde  and  the  helical  guides  for 
giving  the  helical  motion  to  the  cutter  spindle  as  it  moves  up 
and  down  for  cutting  and  return  strokes. 

One  heUcal  guide  is  mounted  on  the  cutter  spindle  and  it.< 
mating  guide  fastened  in  the  hub  of  the  upper  index-wheel. 

These  guides,  like  the  cutters,  can  be  changed  when  changing 
from  one  helix  to  another,  or  for  cutting  a*  right-hand  or  a  left- 
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land  gear.  This  shaper,  like  the  apur  gear  shaper,  will  cut 
eeth  into  a  narrow  clearance  recess  making  it  easy  to  cut  teeth 
^lose  to  a  shoulder. 


Pio.  21.  —  Helical  Gears.  Pia.  22.  —  Herbinobone  Gkarb. 

Note.  —  Internal  helical  gears  can  be  cut  on  this  machine. 
40.    Herringbone  gears  may  be  cut,  as  in  Fig.  23.    A  nar- 


Fio.  23.  —  CuTTOja  Tebts  op  Herringbone  Gear. 


row  groove  in  which  to  run  the  cutter,  from  /j"  to  •^"  wide  de- 
pending on  the  pitch  and  helix  angle,  is  cut  in  the  center  of  the 
blank.  ^-m 

CUTTING  RACKS 
41.  Racks,  Fig.  24,  are  straight  bars  with  teeth  cut  on  the 
sides  or  edges,  to  mesh  and  operate  with  gears  and  pinions  to 
produce  reciprocating  motions.  Common  examples  are  the 
racks  and  pinions  of  the  feed  mechanism  of  engine  lathes,  and 
the  racks  and  gear  drives  of  planers. 
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Fig.  24.  —  Rack  and  Pinion.    Ratio  14  to  1. 

Racks  are  usually  cut  in  machines  that  automatically  indes 
from  one  tooth  to  the  next.  Short  racks  may  be  cut  in  a  milling 
machine,  Fig.  25,  or  planed.  They  may  be  held  in  a  vise  set 
parallel  to  a  regular  milUng  machine  arbor.  Fasten  rack-cutting 
attachment  A,  Fig.  25,  to  a  plain  milling  machine.  Clani? 
rack  blank  B  in  shoe  C  parallel  to  cutter  arbor  D.    Set  long 


Fig.  25.  —  Cutting  Teeth  in  Rack.    Plain  Milling  Machine. 

feed  dial  at  zero  and  move  table  one  pitch  for  each  cut. 
Attention.  —  Gang  cutters  are  often  used  for  milling  racks. 
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SPIRAL  GEARING 


Fn!.  26.  —  Spiral  Gear  and  Pinion.    Ratio  L6  to  1. 

42.  Spiral  gears  are  used  to  transmit  rotary  motion  from 
one  shaft  to  another  not  parallel;  and  have  teeth  like  a  screw, 
Fig.  26.  They  are  desirable  for  high  speeds  where  the  load  is 
light,  and  smooth  and  noiseless  action  is  a  factor;  for  this  reason, 
spiral  gears  are  often  used  instead  of  bevel  gears.  The  absence 
of  noise  is  due  to  the  sliding  action  between  the  teeth.  The 
tooth  curves  arc  the  same  as  those  used  in  spur  gearing,  but  the 
teeth  are  so  placed  that  their  center  lines  are  sections  of  helices. 
The  lead  or  pitch  of  these  helices  is  dependent  on  the  angle  be- 
tween the  shafts.  They  should  be  designed  so  that  they  may 
be  cut  with  standard  spur-gear  cutters.  Spiral  gears  may  be 
cut  with  a  milling  machine  or  gear-hobbing  machine,  see  pp. 
1148-1152. 

Examples  of  spiral  gears  may  be  found  in  automobile  and 
stationary  gas  engine  timing  gears,  and  in  centrifugal  machinery 
including  extractors,  separators,  and  dryers.  See  Spiral-Type 
Bevel  Gears,  pp.  1176,  1177. 

Spiral  gears  are  often  used  in  the  place  of  spur  gears,  the 
shafts  are  then  parallel  and  the  angles  of  the  teeth  of  both  gears 
are  alike.    They  are  usually  made  not  over  20®. 
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Important.  —  In  order  to  understand  spiral  gearing  oneahould 
have  a  good  knowledge  of  spur  gearing. 

43.  Noimal,  Fig.  27.  —  As  the  teeth  of  spiral  ge&is  are  ai 
an  angle  with  the  shaft,  as  at  A,  the  true  shape  of  the  t«eth  U 
at  the  norma!,  as  at  B,  which  is  a  line  at  right  an^es  to  the 
teeth,  as  at  C,  D.  The  shape  of  the  teeth  at  the  aides  of  tbr 
gear  is  distorted,  as  at  E. 

SiCTION   ON  NORMAL 
\  ACTUAL   1 


OiaTORfED 


\ 

Fin.  27.  —  DiAQKAM  OF  A  Spiral  Gear  S&owino  the  Norm al      | 
AND  Tbue  Sub  or  Tbbth.  i 

FORMULAS  IN  SPIRAL  GEARING 

44.  Spiral  gear  data.  —  Data  for  spiral  gears  vary,  ^d 
designing  a  machine  in  which  spiral  gears  are  to  be  used  space 
ehould  be  ^owed  for  a  center  distance  for  which  a  pair  of  spiral 
gears  can  be  readily  designed;  otherwise,  gears  will  have  to  be 
calculated  to  fill  the  space  available,  which  will  be  much  more 
difficult  and  expensive  both  to  design  and  to  cut. 

Example.  —  A  pair  of  spiral  geais  is  required  to  fulfill  the  fol- 
lowing conditions: 

Ratio.  — 1.6  to  1.  Driver  is  800  revolutions  per  minute; 
driven  5O0  revolutions  per  minute. 

Center  dfotonce.  —  Fnsa  available  space,  center  distance  m' 
over  4g"  and  may  be  as  small  as  4|".  I 
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Pitch  (approximate). — About  12  normal  diametral  pitch 
selected  to  satisfy  the  conditions  of  power  and  load. 

Angle.  —  The  driver  to  be  greater  than  the  driven. 

Piich  diameter.  —  Restricted  by  available  space. 

Outside  diameter  of  driving  gear  must  not  be  over  4". 

46.  Trial  calculations.  — 

To  find  the  trial  pitch  diameter. 

Solution.  —  4  —  2  (12-pitch  addendums)  =  4  —  -^  =4— J  = 
H  =  3.833''. 

3.833''  =  trial  pitch  diameter  of  driver. 

(4.625  X  2)  =  9.25  -  3.833  =  5.417"  maximum  pitch  di- 
ameter of  driven. 

(4.375  X  2)  =  8.75  -  3.833  =  4.917"    minimum    pitch    di- 

ameter  of  driven. 

To  find  the  trial  angle  of  the  driver. 
Formula.  — 

rr.  .    t       1     r  J  •  pitch  diameter  of  driver    ^ 

Tangent  of  angle  of  dnver  =     .,  ,    ,. r 7-5-: —  X 

pitch  diameter  of  dnven 

R.P.M.  driver 
R.P.M.  driven 

Solution.  —  e'  .,  X  ^tjt;  =  1.132  tangent  *  of  angle  of  driver. 
0.417      oiX) 

1.1321  =  48^  33'  angle  of  driver. 
90*  -  48*^  33'  =  41*^  27'  angle  of  driven. 

To  find  the  number  of  teeth  in  driver  and  driven. 

Formula.  — 

Pitch  diameter  X  normal  diametral  pitch  X  cosine  of  angle  =3 
number  of  teeth. 

Solution.  — 

Driver  =    3.833  X  12        X  .66197  =  30.45 

Driven  =   5.417  X  12         X  .74953  =  48.72. 

Consider  a  12-pitch  driving  gear  of  30  teeth  and  a  driven 
gear  of  48  teeth  which  are  in  the  ratio  of  1.6  to  1. 

*  For  Tables  of  Natural  Trigonometrical  Functions,  see  any  Engineers' 
Handbook. 
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To  find  the  pitch  diameters  of  driver  and  driven. 
Formvla,  —  Pitch  diameter  of  a  spiral  gear  = 

number  of  teeth 

■  • 

cosine  angle  X  normal  diametral  pitch 

30 
SoliUwns.  —  AfiiQ7  y  12  ^  3-7766"  pitch  diameter  of  driver. 

48 

=  5.3367"  pitch  diameter  of  driven. 


.74953  X  12 
To  find  center  distance. 
Formvla.  —  Center  distance  = 

pitch  diameter  of  driver  +  pitch  diameter  of  driven 

2 

Solution. '■ rt — ' =  4.5566"  which  is  within  tht 

requirements  (4f ,  4|). 

By  adding  two  12-pitch  addendums  to  the  pitch  diameter  of 
the  driver,  we  find  that  we  have  a  gear  that  is  less  than  4"  a- 

3.7766  +  (2  X  .0833)  =  3.9433". 

Note.  —  If  these  trial  calculations  do  not  meet  requirement-, 
compute  the  work  again  and  continue  this  process  until  size- 
are  obtained  that  do  meet  requirements. 

46.  To  calculate  the  true  size  of  a  pair  of  spiral  gears  for  the 
ratio  of  1.6  to  1.  — 

To  find  the  angle  of  the  driver. 

By  substituting  the  actxial  pitch  diameters  in  place  of  thi- 
trial  diameters,  we  get  the  same  angles  for  drivers  and  driven 
that  we  did  in  the  trial  calculations. 

From  Art.  45  we  know  that  tangent  of  angle  of  driver  = 

3.7766 . ,  800 


5.3367  ^  500 


=  1.132. 


1.132  =  48°  33',  angle  of  driver. 
90"*  -  48°  33'  =  41°  27'  angle  of  driven. 
To  find  the  ovJtside  diameters  of  driver  and  driven. 
Formvla.  —  Outside  diameter  =  pitch  diameter  +  (2  X  nor. 
addendum). 

SolvJtion.  —  Z.nm  +  (2  X  .0833)  =  3.9433"  outside  diameter 

of  driver. 
5.3367  +  (2  X  .0833)  =  5.5033"  outside  diameter 
of  driven. 
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To  find  the  normal  circular  pitch  of  driver  and  driven. 
Formula.  —  Normal  circular  pitch  = 

pitch  diameter  X  cosine  angle  X  3.1416 
number  of  teeth 

^  ,  ,.          3.7766  X  .66197  X  3.1416       ^^.^„  ,     , 

Solution. rjr =  .2619  ,  normal  cir- 
cular pitch  of  driver. 

5.3367  X  .74963  X  3.1416       ^^^^„  ,     •      ,         x  i_     ^ 
j^ «.2618' ,  normal  cu-cular  pitch  of 

driven. 

To  find  the  normal  diametral  pitch. 

Formula.  —  Normal  diametral  pitch  = 


normal  circular  pitch 

o  141A 

Solution. oaiQ  "  ^^»  normal  diametral  pitch. 

To  find  the  normal  thickness  of  tooth. 

„        J        J.  J         ixu-  1           ri.    ^u     normal  circular  pitch 
Formula. —  Normal  thickness  of  tooth  = ^ — • 

Solution. ^  ==  .1309",  normal  thickness  of  tooth. 

To  find  normal  addendum.  ^     ^ 

Formula.  —  Normal  addendum  = 


normal  diametral  pitch 
Solution.  — y^  =  .0833"  normal  addendum. 

To  find  normal  depth  of  tooth. 

Formula.  —  Normal  whole  depth  of  tooth  (depth  of  space)  = 

2.15708 

normal  diametral  pitch 

Solution. '-^ —  =  .1798"  normal  depth  of  tooth. 

To  find  the  number  of  cutter,  see  p.  1159. 
Formula.  —  Range  of  cutter  = 

actual  number  of  teeth  in  spiral  gear  . 

cosine®  of  angle 

30 
Solution.  —  ^^  ^  ^■j.  =  103  +  teeth  =  No.  2,  12-pitch  cutter. 
.00  ly?* 

48 
-.gy  =  114  +  teeth  =  No.  2,  12-pitch  cutter. 
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To  find  the  lead  of  driver  and  driocn. 

_         ,         ,      ,      pitch  diameter  X  3.1416 

Formula.  —  Lead  «■  - — 7 7—7 ; 

tangent  of  angle 
„  ,  ,.          3.7766x3.1416      ,„  .-o„„ ,     ,    ,-. 
Solution.  — n323 '"  10.4786"  lead  of  dnva. 

5.3367X3.1416      ,„>,c„,     ,    ,. 
™=^ =  18.9833"  lead  of  dnven. 

To  find  gears  for  lead  of  driver. 

lead  of  driver  _  gear  on  worm  X  2d  gear  on  stud 
leadofinachine~  lstgearonstudxgear<»iscre«' 
Exact  lead  =  10.4786" 

Approximate  lead  =  10.477" 
„  ,  ^  10.477     48  X  44  ,      ,  . 

Soluhon.  —  .Q—  =  ^      ^-^  gears  for  dnver. 

To  find  gears  for  lead  c^  driven. 
Exact  lead  =  18.9833" 

Approximate  lead  =  19.000" 

19.000     38  X  64  ,      ,  . 

Soluhon. j0-  =  ^-^^2  ^^^"        dnven. 

CUTTING  SPIRAL  GEAR 

17.  To  cut  spiral  g«ar  and  pinion,  universal  milliog  nuchiiUi  i 

Fig.  28.  I 


Fia.  28.  —  Cdthnq  Spiral  Geab. 


CUTTINa  SPIRAL   OEAKS 


Fia.  20.  —  Dbawino  or  Spiral  Gears,    Ratio  1.6  to  1. 

SPECIFICATIONS  FOR  PAIR  OF  SPIRAL  GBAI^ 
OTHER  THAU  W,  Fig.  29 


Name. 

Driver. 

Driven. 

Name. 

Driver. 

Driveh. 

Speed  ratio:  driver 

driven  600  revo- 
lutions 

Machine 

eteel 

3.9433" 
i" 
30 

3.7786" 
48*33' 

12 
.2618" 

.1309" 

.0833" 
.1797" 

Cast  iron 

steel  oi 
phoa- 
phor 
broue 

1" 
5.6033" 

i" 

48 
Right 
5.3367" 
41°  2T 

12 

.2618" 

.1309" 

,0833" 
. 1797" 

Cutter  number 

Eiaet  lead  at 
spiral 

Approi.  lead 
of  spiral... 

Gears  for  lead 
of  spiral: 

Istgoaronstud 
2d  gear  on  stud 
Gear  OD  screw 

Speed 

2 

10.4786" 
10.477" 

44 
72 

2 

No.  of  teeth 

Hand 

19.000" 

Pitch  dia. 

40 

Normal  cir.  pitch 

32 

iHt,  or  2d  speed,  or 
60  F.P.M. 

■'     depth 

—  .014 
r«voluti 

^^  cutter 
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SPECIFICATIONS  FOR  PAIR  OF  SPIRAL  GEARS 

THAN  46%  Fig.  29.    Condvded. 


Namx. 

Dbivxb. 

Driven. 

Name. 

DUVEE. 

Dbite5 

Center  distance .  . 
Cutter  pitch 

4.6566" 
12 

4.5566" 
12 

Kejrway 

Lubricant.  .  .  . 

• 

i"  X  i" 

Lard  oil 

}"  X  1" 
Lflzdod 
Dry  for 
C.I. 

SCHEDULE  OF  OPERATIONS  FOR  GEAR 

I.  Preparatory  adjustments. 
Place  cutter  A  on  arbor  B  in  di- 
rection of  rotation,  and  clamp 
hard.  Fasten  index  head  and 
footstock  in  horizontal  alinement 
on  table. 

n.  Set  cutter  centraL  Set 
swivel  table  at  zero  and  cutter 
central,  as  at  A\  Fig.  28,  and 
clamp  cross  slide. 

m.  Arrange  gears  and  index. 
Arrange  gears  for  spiral,  set  index 
for  21  teeth,  withdraw  stop  so 
that  index  plate  can  revolve. 

IV.  Mount  gear  blank  on  centers. 
Press  mandrel  C  hard  into  blank 
D  and  mount  on  centers  securing 
dog  E  in  driver  by  screw  F. 

V.  Set  machine  for  depth  of 
teeth.  Start  machine;  move 
table  by  hand  long,  feed  until 
blank  D  is  under  revolving  cutter 
A,  Hold  .001"  tissue  paper  on 
top  of  blank  and  raise  knee  until 
revolving  cutter  cuts  paper.  Then 
set  vertical  dial  at  zero  and  move 
blank  back  until  clear  of  cutter. 
Stop  machine.  Set  swivel  table 
or  milling  machine  attachment, 
see  p.  1130,  for  tooth  angle  and 
clamp.    Raise  knee  for  depth  of 


space,  and  again  set  vertical  dial 
at  zero. 

VL  Mill  trial  tooth.  Stan 
machine;  move  table  by  band 
long,  feed  until  cutter  neariy 
touches  blank,  then  throw  in 
power  feed,  and  mill  tooth,  ont 
cut.  Set  table  dog  to  trip  feec 
when  center  of  cutter  has  passed 
far  comer  of  gear  blank.  At  end 
of  cut,  lower  knee  and  move  tabK 
back  until  blank  is  clear  of  cutter: 
or,  sufficient  clearance  may^  b.^ 
obtained  by  pulling  belt  until  no 
tooth  of  cutter  is  on  center  of  thfi 
gear,  then  table  may  be  moveii 
back  without  lowering  the  knee. 

Vn.  MOl  all  teeth  by  same  proc- 
ess. 

Information,  —  Before  first  cut. 
raise  knee  until  revolving  cutter 
touches  blank,  then  move  tablo 
by  hand  to  trace  spiral  line  on 
work  which  will  show  if  lead  and 
angle  are  correct. 

Warning.  —  Press  mandrel 
harder  into  blank  for  spural  mOUng 
as  the  tendency  to  slip  by  pressure 
of  cut  is  greater. 

Attention.  —  Cut  pinion  by 
same  process  as  gear. 


48.  If  the  pitch  diameters  of  spiral  gears  are  the  same  ratio 
as  the  number  of  teeth,  the  spiral  angle  of  each  is  46^. 


WORM  GEARING 
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SPECIFICATIONS  FOR  PAIR  OF  SPIRAL  GEARS,  46°  ANGLE 


Name. 

Gear. 

Pinion. 

Name. 

Gear. 

Pinion. 

Vlaterial 

•^peed  ratio:  Driv- 
er   800     revolu- 
tions, driven  500 
revolutions 

Hole 

Pho*. 
phor 
bronxe 

1" 
3.962" 

li" 

21 
Ridrht 
3.712" 

45° 

8 

.3927" 
.1963" 

.1250" 

.2696" 

3.182" 

8 

Machine 
steel 

1" 
2.902" 

li" 
15 

Right 
2.652" 

45° 

8 

.3927" 
. 1963" 

.1250" 
.2696" 
3 .  182" 
8 

Cutter  number 

Exact  lead  of 
spiral 

Approx.     lead 
of  spiral .... 
Gears  for  lead 

of  spiral: 
Gear  on  worm . 
1st  gear  on  stud 
2d  gear  on  stud 
Gear  on  screw 

Speed 

Feed 

2 
11.6616" 

11.667" 

56 
32 
48 
72 

2 
8.330" 

O.  dia 

Face 

8.333" 

No.  of  teeth 

Hand 

48 

Pitch  dia 

Angle     of     teeth 

with  axis 

Normal  diametral 

32 
40 
72 

pitch 

Normal     circular 
pitch 

1st  or  2d  speed,  or 

60  F.P.M. 
Medium  power  feed 

Normal  thickness . 

Normal      adden- 
dum   

Keyway 

Lubricant .... 

, 9 

—  .014"  per  cut- 
ter revolution 

i"  X  i" 
Lard  oil 

i"  X  i" 

Normal  depth 

Center  distance ,  . 
Cutter  pitch 

Lard  oil 

WORM  GEARING 


Fig.  30.  —  Worm  and  Worm  Gear.    Ratio  35  to  1. 
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49.  Wonn  gearing.  Fig.  30,  is  used  to  transmit  rotary 
motion  from  one  shaft  to  another  not  parallel,  and  usually  at 
right  angles.  While  worm  gearing  is  generally  used  where  Uie 
load  is  heavy  and  for  relatively  large  reductions,  there  are  nu- 
merous exceptions  where  multiple-threaded  worms  are  used,  to 
reduce  the  pressure  on  the  teeth  and  also  to  increase  the  effi- 
ciency. The  thread  on  the  worm,  Fig.  30,  is  similar  to  the  29^ 
thread.  The  teeth  of  the  gear  are  cut  at  an  angle  with  the  axis 
of  the  shaft,  usually  from  55^  to  65°  depending  on  the  lead  of 
the  worm. 

Cutters  of  50°  included  angle,  having  straight  sides,  are  com- 
monly used,  producing  a  worm  tooth  which  ib  curved  both  on 
the  axis  and  on  the  normal,  and  the  hob  for  cutting  the  ^vheel  is 
made  of  the  same  form.  Worm  gears  are  sometimes  roughed 
out  with  a  gashing  cutter,  but  they  are  usually  finished  with  a 
hob  which  gives  a  bearing  on  the  worm  thread  the  full  length 
of  the  teeth. 

Worms  and  worm  gears  are  usually  designed  so  that  available 
hobs  may  be  used.  This  may  be  according  to  diametral  pit-ch 
or  circular  pitch. 

Worm  gears  may  be  found  in  the  power  feed  driving  mechan- 
isms of  many  machine  tools  including  engine  lathes,  drill  presses, 
and  boring  mills.  They  are  also  used  for  worm  wheel  drives  for 
automobiles  and  trucks,  steering  mechanisms,  and  for  other  pur- 
poses where  a  large  reduction  in  speed  is  desired.  By  increas- 
ing the  pitch  and  number  of  threads,  this  mechanism  becomes 
one  of  spiral  gears. 

Important.  —  In  order  to  understand  worm  gearing  one  should 
have  a  good  knowledge  of  spur  gearing. 

FORMULAS  IN  WORM  GEARING 

60.  Circular  pitch  (circumferential)  is  the  di3tance  frooi  the 
center  of  one  tooth  to  the  center  of  the  next  tooth  measured 
along  the  pitch  circle,  as  in  spur  gears.  Either  the  circular 
pitch  or  its  equivalent  in  diametral  pitch  is  usually  given. 

51.  The  pitch  diameter  of  a  worm  gear.  Fig.  31,  is  the  diam- 
eter of  the  pitch  circle. 
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TT  7        Tvx  V  J-       X        circular  pitch  X  number  of  teeth 

Formma. — Pitch  diameter  = — oTTTS ' 

O.1410 

Example.  —  To  find  the  pitch  diameter,  given  circular  pitch 

.3333"  and  number  of  teeth  35. 

Solution.  —     ^^.^^ —  =  3.7136"  pitch  diameter. 

0.1410 

62.   The  lead  of  the  worm.  — 

1 
Formvla.  —  The  lead  = 


number  of  turns  per  1"  in  worm 
Example.  —  To  find  the  lead  of  worm,  given  number  of  teeth 
1  and  number  of  turns  per  inch  in  worm  3. 
SoltUian.  —  i  =  .3333",  lead  of  worm. 

63.  Outside  diameter  of  gear  may  be  calculated,  but  as  the 
points  of  these  gears  are  usually  made  with  a  slight  land  to  give 
strength,  a  measurement  taken  from  a  drawing  is  sufficient. 

• 

64.  Diametral  pitch  (size  of  tooth),  see  Spur  Gears,  p.  llo4. 

66.  Throat  diameter  is  equivalent  to  the  outside  diameter 
of  a  spur  gear  of  equal  pitch,  Fig.  31. 

Formvla,  —  Throat  diameter  =  pitch  diameter  +  2  X  ad- 
dendum. 

Example.  —  To  find  throat  diameter,  given  pitch  diameter 
3.7136"  and  addendum  .1061". 

Solution.  —  3.7136  +  2  (.1061)  =  3.9258"  throat  diameter. 

66.  Throat  radius,  see  Fig.  31,  is  radius  of  curve  at  top  of 
tooth. 

n        J         rrn_      X       J-           outsldc  diameter  of  worm 
rormtUa.  —  Throat    radius  =  ^ 

2  X  addendum. 

Example.  —  To  find  throat  radius,  given  outside  diameter  of 
worm  1.76"  and  addendum  .1061". 

Solution.  —  ^  -  2  (.1061)  =  .6628",  throat  radius. 


% 
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67.  Addendum  is  the  distance  from  the  pitch  line  to  the 
throat  on  the  gear. 

Formula,  —  Addendum  =  circular  pitch  -r-  3.1416. 
Example, — To  find  the  addendum,  given  circular  pitch  .33K''. 

SolvJtion,  —  *  ^.^„  =  .1061",  addendum. 

O.I4IO 

68.  The  chordal  addendam  (corrected  pitch  depth)  is  ak> 
necessary  for  measurement  of  worm  gear  tooth  thiclmess  (.107^" 
in  this  case).    See  pp.  Ill2-lll4. 

69.  Thickness  of  tooth  at  {Htch  line.  — 

Fanrnda,  —  Thickness  of  t<x)th  at  pitch  line  =  r-^- 

Example,  —  To  find  thickness  of  tooth  at  pitch  line,  ^vea 

circular  pitch  ,3333". 

3333 
Solution,  —     ^     —  .1667",  thickness  of  tooth  at  pitch  line. 

60.  Working  depth  of  tooth.  — 

Formula,  —  Working  depth  of  tooth  =  2  X  addendum. 
Example,  —  To  find  working  depth  of  tooth,  given  addendum 
.1061". 
Solution.  —  .1061  X  2  =  .2122",  working  depth  of  tooth. 

61.  Whole  depth  of  tooth.  — 

Formula,  —  Whole  depth  of  tooth  =  2  X  addendum  -^ 
clearance. 

Example,  —  To  find  whole  depth  of  tooth,  given  addendum 
.1061"  and  clearance  .0067". 

Solution,— 2  X  .1061  +  .0067  =  .2189",  whole  depth  of 
tooth. 

62.  Clearance  between  the  worm  and  the  gear.  — 

Formula,  —  Clearance  at  bottom  of  tooth  =  whole  depth  of 
tooth  —  working  depth. 

Example,  —  To  find  clearance  between  worm  and  gear,  given 
whole  depth  of  tooth  .2289"  and  working  depth  .2212". 

Solution,  —  .2289  -  .2212  =  .0067",  clearance  at  bottom  of 
tooth. 
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63.  The  worm  thread  tool  has  an  included  angle  of  29^  like 
he  29^  thread  when  the  standard  pressure  angle  of  14^^  is  used, 
.^he  width  of  the  tool  at  the  end  is  obtained  by  the  following 
Drmula: 

Formvla.  —  Constant  .3095  X  circular  pitch  =  width  of  end 
f  worm  thread  tool. 

Example.  —  To  find  width  of  worm  thread  tool  at  end,  given 
onstant  .3095  and  circular  pitch  .3333'^ 

SottUion.  —  .3095  X  .3333  =  .10316",  width  of  worm  thread 
ool  at  end. 

64.  Azigle  of  worm  thread  tooth  (gashing  angle)  is  the  angle 

>f  thread  with  line  at  light  angles  to  worm  axis. 

„  7         m  J.   £       I  l®ad  of  thread 

FormtUa.  —  Tangent  of  angle  =    .^  ,    . 5 ? • 

pitch  circumference  of  worm 

Example.  —  To  find  angle  of  worm  thread  tooth  (gashing 

angle),  given  lead  of  .3333"  and  pitch  diameter  1.5378". 

3333 
Solution.  -  Tangent  =  ^  5373  ^  3  14^^  =  •^®^"- 

Tangent  .06891  ==  3**  56'  50". 

66.   Width  of  top  of  worm  thread.  — 

Formula.  —  Width  of  top  of  worm  thread  =  constant  .3354  X 
circular  pitch. 

Example.  —  To  find  width  of  top  of  worm  thread,  given  con- 
stant .3354  and  circular  pitch  .3333". 

SoZii/ion.  —  .3354  X  .3333  =  .1118",  width  of  top  of  worm 
thread  and  width  of  end  of  hob  thread. 

66.   Center  distance  is  the  distance  between  axis  of  worm 
and  axis  of  worm  gear. 
Formula.  —  Center  distance  = 

pitch  dia.  worm  gear  +  pitch  dia.  worm 

2 
Example.  —  To  find  center  distance,  given  pitch  diameter  of 
worm  gear  3.7136"  and  pitch  diameter  of  worm  1.5378" 

Solution. 5 ^ =  2.6257",  center  distance. 
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I 


67.  Using  duunetral  pitch  system.  —  In  threading  a  vons  ^ 
in  an  engine  lathe,  the  thread  tool  is  made  according  to  diametnL 
pitch  sizes,  and  sizes  of  the  gear  parts  may  be  taken  directi.r 
from  the  table  of  spur  gear  parts  for  diametral  pitch.    See  Table 
of  Tooth  Parts,  pp.  llOft-llll. 


SPBCmCATIOHS  FOR  WORM  ASD  WORM  GEAR,  F^  31 

Name. 

Work. 

Gbas. 

Nams. 

1 
Worm. 

GIL1.B. 

Material 

Machine 

Phos- 

Thickness     of 

steel 

phor 
bronse 

tooth  at  P.L. 

. 1667" 

.1667^ 

Hole 

r 

1" 

Normal  thick- 
ness of  tooth 

at  P.L. 

.1663" 

.1663*' 

Face 

2" 

r 

• 

Corrected    ad- 
dendum   for 

worm  gear. . . 

.1079" 

No.  of  teeth  (gear 

Clearance     at 

ratio) 

1  (sinide 

35 

bottom     of 

thread) 

tooth 

.0067" 

.0067'^ 

Pitch  dia 

1.6378" 

3.7136" 

Working  depth 

.2122" 

.2122" 

Lead  of  the  worm . 

.3333" 

Whole  depth  of 

R.H. 

tooth 

.2189" 

.2189" 

single 

Threads   per    1" 

Width  of  end  of 

(see  p.  320) .... 

3 

worm  thread 

Circ.  pitch  of  gear 

tool,     also 

and  linear  pitch 

width  at  end 

or  axial  pitch  of 

of  hob  tooth. . 

.10316" 

worn 

.3333" 

.3333" 

Angle  of  worm 

0.  dia.  (taken  as 

nearest  32d  cal- 

thread*tooth 

culated  value).. 

1.75" 

4 . 1036" 

(gashing 

or  4A" 

ani^e) 

3*  66' 50" 

3*  56' 50" 

Diametral  pitch .  . 

9.4248" 

9.4248" 

Width  of  top  of 
worm  thread 

.1118" 

Throat  dia 

3.9258" 

Center  distance 

2.6257" 

2.6257" 

Throat  radius .... 

.6628" 

Hob  marked... 

.3333"  P. 

Clearance  radius 

singleR-H. 

(1  dia.  of  hob- 

Hob    (outside) 

clearance)  

.8917" 

dia. 

1.7634" 

Addendum . 

.1061" 

. 1061" 

Lubricant 

Lard  oil 

Dry.  or 
laid  oil 

Keyway 

A"XA" 

j"xr 

*  If  the  angle  is  more  than  18°,  it  is  advisable  to  use  the  formulas  for  s9^ 
gears,  although  gear  manufacturers  do  not  alwayB  follow  this  rule. 


CUTTING  WORM  GEARS 


CDTriHG  WORM  GEARS 


FiQ.  31.  —  Dbawinq  op  Woiui  and  Worm  Gbab.    Ratio  3S  to  1. 

68.  To  prepare  worm-gear  blank  1"  X  4.1036"  diameter, 
36  teeth ;  material,  phosphor 
bronze.  Fig.  31. — Truecast^ 
ing  in  chuck,  drill,  ream,  press 
mandrel  into  hole,  mount  on 
centers,  square  and  turn  to 
size.  Turn  concave  surface, 
or  throat,  with  forming  tool, 
or  rough  out  and  finish  with 
hand  tools  to  templet.  When 
a  worm  gear  is  to  be  cut  with 
&  hob  in  a  bobbing  machine. 
Bee  pp.  ll4S,  1162,  the  turn- 
ing of  the  concave  surface  is 
usually  omitted  as  the  hob 
will  cut  the  throat  of  the 
wheel  to  the  proper  dze  and 
shape.  Bevel  comers  and 
wit  keyway. 


Fia.  32.  —  Gabhino  Wobh  Gbab. 
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69.   To  gash  worm  gear,  universal  milliag  naacbiDe.     Fig.  32. 

Speciflcatioiis:  Material  phosphor-bronze  worm-gear  blank,  fin isbed 
1"  X  4.1035"  diameter  for  35  teetb. 

HachlflM  ud  tools:  Universal  milliog  machine,  index  bead  and  rec- 
ters,  gashing  cutt«r. 

Speed:  2d  or  3d  speed,  or  60  F.P.M.    Hand  vertical  feed. 

Lubricant:  Dry  or  lard  oil. 

SCHEDULE  OF  OPERATIONS 


I.  Prepar«t(»7  adjustments. 
Place  gashing  cutter  A  on  arbor 
B  to  cut  in  direction  of  rotation 
and  clamp  hard.  Fasten  index 
head  and  footstock  in  horizontal 
alinement  on  table. 

n.  Set  cutter  central.  Set  swivel 
table  at  zero  and  cutter  central, 
as  A',  Pig.  32. 

m.  Arrange  index.  Arrange  in- 
dex for  35  teeth. 


JJ. 


Fig.  33.  — Sbtmno  einii 
TO  Gashino  Angle  i 
Gear.         


IV.  Uount  gear  blank  on  centers. 
Press  mandrel  C  into  blank  D 
and  mount  on  centers,  securing 
dog  B  in  driver  by  screw  P.  Rai^ 
knee  and  move  table  lutii  cutter 
fits  concave  part  of  blank.  Lower 
knee  and  set  swivel  table  at 
4°,  the  angle  of  teeth.  Clamp 
table. 

V.  Oa^  blank.  Start  machine 
and  raise  knee  until  gear  blank 
touches  revolving  cutter.  Sei 
vertical  dial  at  zero,  raise  knee 
slowly,  sinking  cutter  to  depth 
of  roughing  cut  .220".  Set  ver- 
tical stop.  Lower  knee,  indent 
and  raise  knee  to  stop  and  cut 
next  gash.  Continue  process  un- 
til all  teeth  are  gashed. 

Attention.  —  If  the  macbine  has 
a  vertical  stop,  set  it  for  depth  of 
gash  after  the  first  cut  and  feed 
up  against  it  for  each  gash;  othn-- 
wise,  use  the  vertical  dial  to  obtain 
the  depth. 


HOBBING  WORM   GEAR 

70.  To  hob  worm  gear,  universal  or  plain  milling  machine. 
Fig.  34. 

Spedfications:  Material,  phosphor-bronze  worm-gear  blank,  finished 
1"  X  4.1035",  with  35  teeth  gashed. 

Hachlnes  and  tools:  Universal  or  pldn  miUing  machine,  index  head 
and  centers.     \\"  X  2"  right-hand  hob,  3  threads  per  1". 

Speed:  lat  or  2d  speed,  or  40  F.P.M. 

Lubricant:  Dry  or  lard  oil. 


BOBBING  WORM   GEAR 
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SCHEDULE  OF  OPERATIONS 


I.  Preparatory  adjustments, 
^lace  bob  A  on  arbor  B  to  cut  in 
lir^ction  of  rotation,  and  clamp 
)ard.  Fasten  index  head  and 
oot^ock  in  horizontal  alinement 
)n  table.  Set  swivel  table  at  zero. 
Set  top  of  knee  to  center  line  on 
v-ertical  slide  which  alines  the 
index  centers  with  machine  spin- 
dle, then  set  vertical  dial  at  zero. 

BL  Mount  gear  blank  on  two 
dead  centers. 

Press  mandrel  C  into  blank  D,  oil 
both  center  holes,  lower  knee  and 
mount  on  two  dead  centers  with- 
out dog  80  that  hob  will  drive  gear. 
IIL  Set  hob  central.  Raise  knee 
and   adjust  table  by  long,  and 


cross  feeds  until  hob  is  central 
by  measurement  with  gashed 
gear,  then  clamp  long,  and  cross 
feeds.    '  ^        ^       , 

IV.  Obtain  depth  of  teeth.  Start 
machine  and  raise  knee  slowly 
until  hob  begins  to  cut  and 
after  each  revolution  of  gear  raise 
knee  a  little.  Repeat  until  dis- 
tance between  top  of  knee  and 
center  on  vertical  slide  equals  cen- 
ter distance  of  worm  and  gear. 
This  distance  may  be  measured 
with  a  rule  from  top  of  knee  to 
center  line  on  vertical  slide  or, 
more  accurately,  with  rule  for  the 
2"  and  vertical  dial  for  the  deci- 
mal .6258". 


InformcUion, — Hobs  with 
relieved  teeth  same  as  formed 
milling  cutters  are  obtain- 
able to  order  only.  Depth 
of  teeth  equals  working 
depth  of  worm  plus  one 
clearance,  plus  allowance  for 
grinding. 

Attention.  —  In  Fig.  34, 
gear  is  driven  by  hob  mak- 
ing it  necessary  to  gash  gear, 
but  on  gear-hobbing  ma- 
chines or  attachments  where 
gearisdrivenbyhobbing-ma- 
chine  spindle,  gashing  may 
be  omitted.    See  Fig.  35. 


Fig.  34.  —  Hobbinq  Worm  Gear  in 
Milling  Machine. 


THREADING  WORMS 

71.  To  make  worm  If"  X  2",  3  threads  to  1";  material, 
machine  steel  (to  be  case-hardened),  Fig.  31.  —  True  blank 
in  chuck,  drill,  ream,  press  mandrel  into  hole,  mount  on  centers, 
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square  and  tum  to  size.  Arrange  gears  for  3  threads  to  I' 
As  worm  is  same  angle  as  29°  thr^^l,  rough  thread  with  29' 
rough-thr«iding  tool  similar  to  square  thr^d  tool.  To  Bmsh 
thr^,  use  29  finish-threading  tool,  with  point  .1033"  wide. 
Cut  keyway. 

AUerUion.  —  Worm  threads  are  milled  in  milling  machines  o: 
thread  millers  with  formed  cutters,  see  Thread  Miller,  p.  104^: 
or  cut  in  a  hobbing  machine. 

BOBBING  GEARS 
72.  Autcmutic  gear  bobbing  nuchines  are  used  to  cut  and 
geneiate  worm,  qnir,  and  spiral  gears.  —  The  spiral  bob.  ^< 
shown  at  A ,  Fig.  35, 
by  which  the  gear  i; 
cut  and  generateil 
may  be  conaderwi 
a  rack.  Each  n>« 
of  teeth  when  sei 
at  the  helix  angle, 
forms  the  shape  of 
a  rack  tooth  with 
straight  flanks.  By 
rotating  the  hob  in 
unison  with  the  geai 
blank,  so  as  to  ro- 
tate the  gear  blank 

FlU.    35.-GBAE-HOBBING    MACHINE.  ^^^    ^''^     '^^^^^^ 

of  the  pitch  to  he 
cut  for  each  revolution  of  the  hob,  the  curve  of  the  tooth  is 
formed  or  generated.  The  pitch  or 
lead  of  the  thread  on  the  hob  is  the 
same  as  the  pitch  of  the  required 
gear.  Only  one  hob  is  necessary  for 
all  geara  and  pinions  of  the  same 
pitch.  The  hob  spindle  and  table 
are  connected  by  change  gears  to 

give  the  proper  ratio  between  pitch  F,a  36— Hob  fob  Gbnmat. 
or  lead  of  hob  and  pitch  of  required  inq  Wokh,  Spur  and  Sfi&u. 
gear.  Gbarb. 
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73.  A  standard  hob  is  shown  in  Fig.  36.  The  high-epeei) 
or  carbon-«teel  hob  blank  may  be  threaded  in  a  lathe  or  thread 
miller.    See  p.  1048. 

For  standard  involute  gear  teeth,  the  hob  is  cut  with  a  29° 
threading  tool  or  cutter;-  and  for  standard  stub  teeth,  with  40° 
threading  tool  or  cutter. 

The  hob  is  grooved  in  a  milting  machine  and  the  teeth  "backed 
off"  or  relieved  in  a  backing-off  or  relieving  machine,  or  lathe 
with  a  reheving  attachment.  See  pp.  1^2-1286.  The  first 
two  or  three  teeth  of  a  hob  are  naturally  weak  and  they  are 
rounded  off  to  prevent  breaking.  The  hob  is  hardened  and 
tempered,  and  may  be  sharpened.    See  p.  824. 

74.  Giinding  hobs.  —  For  very  accurate  work  the  teeth  are 
ground,  after  hardening,  with  a  special  grinding  machine. 

76.  Wonn  gears  (o^ea  called  worm  wheels)  are  bobbed 
or  generated,  as  in  lig.  37. 


Fig.  37.- 

Hob  A  is  keyed  to  horizontal  hob  spindle  B  at  right  angles  to 
the  axis  of  the  gear  blank.  One  tooth  in  the  hob  is  set  in  line 
with  the  center  axis  of  the  gear  blank,  by  a  centering  gage. 

Worm  gear  blank  C  is  fastened  securely  on  vertical  arlwr  D 
and  rests  on  table  E. 

The  table  carrying  gear  blank  is  driven  by  a  large  worm  gear 
below  the  table.  An  automatic  gear  feed  moves  the  table  and 
gear  blank  toward  the  hob.  The  hob  spindle  and  work  table 
are  connected  by  a  train  of  change  gears  which  determines  the 
exact  ratio  of  speeds  between  gear  blank  and  hob.  During  the 
cutting  process  all  moving  parts  revolve  steadily  in  one  direction. 

Tables  and  formulas  are  used  to  obtain  the  proper  change 
gears  for  any  combination  of  hob  and  gear  and  feed. 
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AUerUum.  —  The  operation  is  practically  the  same  as  hobbiaf! 
a  worm  gear  in  a  milling  machine,  see  Fig.  34,  except  that  thr 
positive  gear  drive  of  the  gear  blank  makes  gashing  the  gear 
blank  unnecessary'.  It  also  makes  it  unnecessary  to  turn  tht' 
concaved  surface  or  throat,  as  the  hob  cuts  it  to  the  proper 
diameter  and  shape. 

Information.  —  "Slewing  the  hob."  If  the  correct  hob  for  a 
gear  is  not  obtainable,  a  worm  wheel  may  be  cut  by  u^ng  the 
available  hob  at  a  slight  angle. 

76.  Tapered  hobs,  Fig.  38.  —  Set  worm-gear  blank  A  to 
the  exact  depth  of  the  teeth  or  center  distance,  and  feed  hob  B 
across  the  blank  thereby  generating  the  gear.  The  roughing 
is  done  by  the  tapered  teeth  on  the  hob, 
and  the  finishing  by  the  full-size  teeth  at 
.  the  end. 

AUention.  —  A  Hy  cutter  may  be  held 
in  an  arbor  and  fed  across  in  the  same 
manner  as  the  tapered  hob.  See  Flv 
Cutters,  pp.  1103,  1007. 

77.  Lubricant  for  gear  hobbtng.  — 
Cast-iron  gears  are  hobbed  dry.  Steel 
t  or  bronze  gears  are  lubricated  with  lard 
oil  or  a  lubricating  compound. 
78.  Spur  gears  can  be  hobbed  or  generated,  as  in  Fig.  39.  — 
Hob  spindle  A  to  which  hob  B  ia  keyed,  is  tilted  to  make  the 
thread  vertical  on  the  front  side  of  the  hob,  by  saddle  C.  Tlu= 
setting  is  obtained  by  means  of  a  special  gage.  Gear  blank  D 
is  clamped  tightly  to  vertical  arbor  E  to  prevent  shifting.     The 
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ob  spindle  and  work  table  are  connected  by  a  train  of  change 
ears  ^which  determines  the  exact  ratio  of  speeds  between  hob 
nd  gear. 

The  hob  is  set  above  the  top  of  gear  blank  at  the  proper 
ooth  depth.  The  gear  blank  is  revolved  and  the  hob  fed 
iownward  upon  the  vertical  way^  of  the  housing.  The  hob  is 
ed  downward  for  each  rotation  of  the  gear  blank  from  .002" 
o  .015"  depending  upon  the  pitch  of  the  gear.  When  the  cen- 
er  line  of  the  hob  has  passed  the  bottom  edge  of  the  gear,  the 
;ear  is  finished.  A  number  of  spur  gears,  up  to  the  capacity 
if  the  machine,  may  be  hobbed  at  one  time. 


Fia.  40.  —  HoBBiNQ  Spiral  Gear  in  Automatic  Gear-IIobbino 

.  Machine. 

79.  spiral  gears  can  be  hobbed  or  generated,  as  in  Fig.  40.— 
Hob  A  is  keyed  to'horizontal  Spindle  B  on  saddle  C  which  is 

tilted  to  the  right  or  left  to  correspond  with  the  tooth  angle. 

The  saddle  is  graduated  to  degrees  and  with  the  aid  of  a  vernier 
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D  can  be  read  to  5  minutes  which  facilitates  accurate  aettiug! 
The  spiral  gear  blank  E  is  fastened  to  vertical  arbor  F  on  table  (r. 

The  principle  of  "setting  up"  and  "gearing  up"  is  practic^; 
the  same  ae  that  used  on  the  universal  milling  machine  to  at 
Bpirals  of  any  kind.     See  pp.  123^1247. 

To  generate  the  required  tooth  angle,  the  table  is  geared  it 
gain  or  lose  one  complete  revolution  while  the  hob  is  fed  a  (ti^ 
tance  equal  to  the  lead  of  the  spiral  gear.  After  the  machine 
is  set  up  for  hobbing  a  spiral  gear,  the  feed  and  general  processes 
are  the  same  as  for  hobbing  a  spur  gear.  Tables  aod  fOTnuli' 
■  are  used  to  obtain  the  proper  change  gears  for  indexing,  for  lead. 
and  for  feed.  Any  number  of  spiral  gears  up  to  the  capacity 
of  the  machine  may  be  hobbed  at  one  time. 


Fia.  41.  —  HoBBiHQ  WoBM  in  Automatic  QEAR-HoBsiNa 

Machine. 

80.  Woims  are  practically  spiral  gears,  and  they  may  be 

hobbed,  as  in  Fig.  41.     Worms  may  also  be  milled  by  a  ^n^s 

cutter  with  an  automatic  gear-hobbing  machine. 


BEVEL  GEARING 
81.  Bevel  gears  are  used  to  transmit  rotary  motion  from 
me  shaft  to  aDother  not  parallel  and  usually  at  right  angles, 
B  in  Fig.  42.    All  parts  of  a  bevel-^ear  tooth  are  assumed  to 
onverge  at  the  apex  where 
%nter   lines  of   the  shafts 
nteraect  except  when  the 
^rs  are  cut  with  rotary    ' 
cutters,  then  the  bottom  of 
the  tooth  is  made  parallel 
to  the  face  of  the  mating 
gear.    See  Drawing  of  Bevel 
Gears,  Fig.  43.     The  tooth 

curves  and  other  specifica-    „      ,„       „         ^  „ 

,     ,  ,        ,      Fig.  42.  —  Bevel  Grab  and  Pinion. 

tioDS  at  large  end  of  bevel-  Ratio  2  to  l . 

|ear  teeth  are  the  same  as 

those  of  a  spur  gear  of  the  same  pitch  whose  radius  is  equal  to 

the  back-cone  radius  of  a  bevel  gear,  as  at  A,  Fig.  43.  See 
also  Fig.  46,  p.  1158.  As  the  dimen- 
sions of  the  teeth  arc  proportionally 
smaller  toward  the  inner  end,  the  cut- 
ting of  an  accurate  tooth  is  difficult. 

82.  Bevel  gears  that  are  to  run  at 
uniform  speeds  or  to  transmit  a  large 
amount  of  power  are  first  rough  cut 
with  a  formed  milling  cutter,  then 
finish  planed  in  bevel-gear  generating 
machines.    See  pp.  II72-II74. 

Bevel  gears  may  be  cut  with  formed 
milling  cutters  in  a  milling  machine  or 

p,     .„       _  — 3—      automatic   machine,  after  which   the 

™.43.  —  Relative  Sizes    ,     ,,  .    1  1      ^i- 

ofBevblandSpurGbar  ^eth  are  corrected  by  (ihng. 

Leaving  Teeth  ot  Same       Information.  —  When  bevel  or  miter 

OntBNsioNs.  gears  are  to  be  used   principally  to 

traoamit  motion  and  not  a  lai^  amount  of  power,  filing  the 

teeth  may  be  avoided  by  making  the  faces  narrower  or 
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by  cutting  the  spaces  deeper  at  the  aoall  eod,  or  by  doiof 
both. 

ImportarU.  —  In  order  to  understand  bevel  gearing,  one  afaoiui 
have  a  good  knowledge  of  spur  gearing. 


Fia.  44.  —  DiAORAU  OF  Bevbi.  Gear  a 


FORMULAS  IN  BEVEL  GEARING 

83.  Angle  of  shafts  equals  90".    Number  of  teeth  in  get 
32,  in  pinion  16;  pitch  (size  of  teeth)  8. 

84.  Pitch  diameter. — 


diametral  pitch 
Example.  —  To  find  the  pitch  diameter,  given  number  o 
teeth  32  and  diametral  pitch  8. 

Solution.  —  V  =  4",  pitch  diameter. 

86.  Apex  distance  from  the  pitch  drcle,  Fig.  44.  — 

Formula.  —  Apex  distance  -  x  „   .. — -r—. — ^t-t- 
2  X  diametral  pitch 

Vnumber  of  teeth  in  gear*  +  number  of  teeth  in  the  pinion'. 
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Example.  —  To  find  apex  distance,  given  diametral  pitch  8, 
mber  of  teeth  in  gear  32,  and  number  of  teeth  in  pinion  16. 
Solution.  —  T^  X  35.7771  =  2.23606",  apex  distance. 

86.  Face  is  usually  made  from  ^  to  -j^  of  the  apex  distance. 

87.  The  angle  of  the  edge  of  the  gear  or  pinion  is  made  at 
;ht  angles  with  the  pitch  cone.  This  angle  is  used  in  turning 
8  gear  blank  and  may  be  measured  from  the  pitch  line,  and 
len  measured  from  the  pitch  line  it  is  equal  to  the  center 
igle. 

88.  Diametral  pitch  at  large  end  (size  of  tooth)  is  equal  to 
lat  of  a  spur  gear  of  the  same  diametral  pitch  whose  radius  is 
lual  to  the  back-cone  radius  of  the  bevel  gear.    See  pp.  llo^ 

Ll4. 

or  an  8-pitch  gear  the  diametral  pitch  =  8. 

or  an  8-pitch  gear  the  addendum  (gear  or  pinion)  =  .1260'^ 

*or  an  8-pitch  gear  the  corrected  addendum  (gear)  =  .1261". 

'or  an  8-pitch  gear  the  corrected  addendum  (pinion)  =  .1295". 

'or  an  8-pitch  gear  the  corrected  dedendum  (gear)  =  .1457". 

or  an  8-pitch  gear  the  corrected  dedendum  (pinion)  =  .1489". 

^or  an  8-pitch  gear  the  clearance  =  .0196". 

^or  an  8-pitch  gear  the  working  depth  of  tooth  =  .2500". 

•'or  an  8-pitch  gear  the  whole  working  depth  of  tooth  =  .2696". 

^'or  an  8-pitch  gear  the  thickness  of  tooth  at  pitch  line  (gear  or 

pinion)  =  .196". 
?0T  an  8-pitch  gear  of  32  teeth,  the  chordal  thickness  (gear)  = 

.  1961". 
For  an  8-pitch  gear  of  32  teeth,  the  chordal  thickness  (pinion)  = 

.1961". 

InfoTTnatian.  —  The  corrected  addendum  is  found  by  dividing 
the  number  of  teeth  in  the  bevel  gear  by  the  cosine  of  the  center 
M^gle  and  taking  the  resulting  value  as  the  number  of  teeth  of 
the  spur  gear  that  is  to  determine  the  corrected  addendum;  i.e., 
the  number  of  teeth  in  a  spur  gear  having  a  pitch  diameter  equiv- 
alent to  the  back-cone  circle  of  the  bevel  gear. 
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Note,  —  The  chordal  thickne^  of  a  bevel  gear  is  generally 
taken  as  that  of  a  spur  gear  of  the  same  number  of  teeth  and 
pitch. 

89.  Diametral  pitch  at  small  end  (size  of  tooth)  equals  \  to 
^  of  the  dimensions  at  the  large  end.  Therefore,  given  the 
size  at  the  large  end,  the  dimensions  at  the  small  end  are  readily 
found. 

90.  Angle  of  top  or  addendum  angle  is  added  to  the  pitch- 
cone  angle  and  will  give  the  angle  of  the  face  of  the  gear  with 
axis. 

Formvla.  —  Tangent  of  addendum  angle  = -jt— — - — 

°  ^        apex  distance 

Example.  —  To  find  tangent  of  addendum  angle,  given  ad- 
dendum .1260",  and  apex  distance  2.2361". 

Solution,  —  '    ^^^  =  .0559"  =  tangent  of  angle  of  top.    Tan- 

Z,ZoOl 

gent  .0559  =  3°  12',  angle  of  top  or  addendum  angle. 

Note.  —  The  face  angle  is  often  given  on  gear  blank  drawings 
from  the  pitch  line  to  facilitate  turning  the  angle  of  the  blank 
with  a  compound  rest,  see  p.  1189. 

91.  Angle  of  bottom  (dedendum  angle).  — 
Formula.  —  Tangent  of  angle  of  bottom  = 


apex  distance 

Example.  —  To  find  tangent  of  angle  of  bottom,  given  de- 
dendum .1446",  and  apex  distance  2.23606". 

1446 
Solvtion.  — r^r^^nr^  =  .06467,"  tangent  of  angle  of  bottom. 
z.JooUo 

Tangent  .06467  =  the  angle  of  3''  42',  angle  of  bottom. 

92.  The  cutting  angle.  — 

Formula.  —  Cutting  angle  =  center  angle  —  angle  of  bottom. 
Example.  —  To  find  cutting  angle,  given  center  angle  26®  34' 
and  angle  of  bottom  3®  42'. 

Solution.  —  26®  34'  -  3®  42'  =  22®  52',  cutting  angle. 
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93.   Outside  diameter.  — 

Formula.  —  Outside  diameter  =  pitch  diameter  +  2  X 

cosine  pitch-cone  angle 
diametral  pitch 

Example,  —  To  find  outside  diameter,  given  pitch  diameter 
',  cosine  of  pitch-cone  angle  .44724;  and  diametral  pitch  8. 

.44724 


SoltUion.  —  4t  +  2  X 


8 


4.112'^  outside  diameter. 


Fig.  45.  —  Drawing  of  Bevbl  Geabs.    Ratio  2  to  1. 


94.  To  find  the  center  angle  or  angle  of  pitch  cone,  Fig.  44. — 

Pormtda.  —  Tangent  of  center  angle  of  pinion  = 

pitch  diameter  of  pinion       ,         number  of  teeth  of  pinion 
pitch  diameter  of  gear  '  number  of  teeth  of  gear 

Example.  —  To  find  tangent  of  center  angle,  given  pitch 
^^ameter  of  pinion  2"  and  pitch  diameter  of  gear  4". 
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Sdviion.  —  |  ~  .5000  tangeDt  of  center  ai^le.  Refermig  to 
tables  of  natural  trigonometrical  functions,  we  find  opposite 
.5000  the  angle  of  26°  34',  center  angle  of  pinion. 

Formula.  —  Center  at^e  of  the  gear  = 

180°-2xcenterangleofpinion     ,     ~^o  .         _i     *    ■   ■ 
^ — — ^ ,  alao90— center  anpe  of  pinion. 

Example.  —  To  find  center  angle  of  gear,  given  angle  of  180° 
and  center  angle  of  pinion  26°  34'. 

„  ,  ,.          180°  -  2  X  26° 34'     „„o~.,       *  ,     , 

Solution. ^ =63  26  ,  center  angle  of  gear. 

Ni^.  —  In  compiling  these  formulas,  Brown  Jk  Sharpe's 
FormvJaa  In  Gearing  was  used  as  standard  authority. 

Miter  gears.  —  A  pair  of  bevel  gears  whose  diameters,  angles, 
and  number  of  teeth  are  the  same,  are  called  mUer  gears  and 
both  may  be  cut  with  the  same  cutter. 


cnrrmG  bevel  gears  I 

96.  To  select  cutter  for  cutting  bevel  gears. — Whenordering  i 
cutters  for  bevel  gears,  give  exact  specifications:  Pitch,  number 
of  teeth  in  bevel  gear  and  pinion,  length  of  face,  and  angle  of 
shafts,  Fig.  46. 

Measure  back-cone  radius  AB  for  the 

gear,  or  BC  for  the  pinion.     This  is  equal 

^''^  to  the  pitch  radius  of  a  spur  gear  the  num- 

V  ^''  ber  of  teeth  in  which  would- determine  the 

cutter  to  be  used.    Hence,  twice  AB  tames 

the  diametral  pitch  equals  the  number  of 
Fig.  «. -  Measuring        ^  j        ^^^^^  ^         j^  j^     j^j  j^  ^     ^ 
Back  Conb. 

for  the  gear. 
Example.  —  To  find  the  number  of  cutter  for  a  bevel  gear  of 
32  teeth,  8  pitch  with  a  back-cone  radius  of  4.4375",  i 

Sdution.  —  2  X  4.4375"  X  8  =  71  teeth.  From  table  of 
range  of  cutters  it  will  be  seen  that  71  comes  between  55  and 
134  teeth,  the  range  covered  by  a  No.  2  cutter. 
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The  cutter  for  pinion  can  be  selected  by  using  the  same  for- 
nula. 

Example.  —  To  find  the  number  of  cutter  for  a  bevel  pinion 
yt  16  teeth,  8  pitch  with  a  back-cone  radius  of  1.125'^ 

SohOion.  —  2  X  1.125"  X  8  «  18  teeth.  From  table  of  range 
[)f  cutters,  it  will  be  seen  that  18  comes  between  17  and  20  teeth, 
the  range  covered  by  a  No.  6  cutter. 


INVOLUTE  CUTTERS  FOR  BEVEL  GEARS 
No.  1  will  cut  wheels  from  135  teeth  to  a  rack. 
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These  involute  bevel-gear  cutters  (no  other  system  is  used 
for  cutting  bevel  gears  with  rotary  cutters)  are  .005"  thinner 
than  the  space  at  the  small  end  of  the  tooth;  or  thin  enough  to 
cut  bevel  gears  whose  faces  are  not  over  one-third  the  apex  dis- 
tance. The  tooth  at  the  inner  end  is  not  less  than  two-thirds 
the  standard  thickness  and  height. 

The  number  of  teeth  for  which  the  cutter  should  be  selected 

Na 


can  also  be  found  by  the  following  formula:    tan  a  » 


Nb 


Number  of  teeth  to  select  cutter  for  gear  = 


Na 


cos  a 


Number  of  teeth  to  select  cutter  for  pinion  =  -: 


Nb 


sma 
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96*  Table  for  obtaining  set-over  or  trial  distance  for  cutting 
bevel  gear. 


No.  OF 

3 

3i 

3i 

31 

4 

4i 

41 

4} 

5 

5J 

6   7  1  S 

CUTTBR. 

1 
.254 

1 
.254 

1 
.255 

1 
.256 

1 
.257 

1 
.257 

1 

1 

1 
.258 

1 
.259 

1 
.260 

1    1 

1 

1 

.257  .258 

.262  .264 

2 

.266 

.268 

.271 

.272 

.273 

.274 

.274  .275 

.277 

.279 

.280 

.283  .2M 

3 

.266 

.268 

.271 

.273 

.275 

.278 

.280  .282 

.283 

.286 

.287,. 290  2^2 

4 

.275 

.280 

.285 

.287 

.291 

.293 

.296'  298 

.298 

.302  .3051.308  311 

5 

.280 

285 

.290 

.293 

.295 

.296 

.298  .300 

.302 

.307  .309t.313  313 

6 

.311 

.318 

.323 

.328 

.330 

.334 

.3371.340 

.343 

.348 

.3521.356  362 

7 

.289 

.298 

.308 

.316 

.324 

.329 

.3341.338 

.343 

.350 

.360  .370  .37ft 

8 

.275 

.286 

.296 

.309 

.319 

.331 

.338  .344 

.352 

.361 

.368  .380  .3y] 

1 

To  obtain  set-over  by  above  table  use  this  formula: 

^  ^              Tc      factor  from  table 
Set-over  =  -^ p • 

P  =  diametral  pitch  of  gear  to  be  cut. 
Tc  =  thickness  of  cutter  used,  measured  at  pitch  line. 
Rule.  —  Find  the  factor  in  the  table  corresponding  to  the 
number  of  the  cutter  used  and  to  the  ratio  of  apex  distance  t*) 
width  of  face;  divide  this  factor  by  the  diametral  pitch  and  sub- 
tract the  quotient  from  half  of  the  thickness  of  the  cutter  at  the 
pitch  line. 
This  amount  can  also  be  found  by  the  following  formula; 

Ratio  of  apex  distance  to  width  of  face  =  f—' 

97.  Set-over  for  a  gear,  32  teeth,  8  pitch.  — 

ExampU,  —  A  bevel  gear  of  32  teeth,  8  pitch,  63**  26'  pitch- 
cone  angle,  {i  face.  These  dimensions  call  for  a  No.  2  cutter 
and  an  apex  distance  of  2.2363". 

In  order  to  get  the  factor  from  the  table,  the  ratio  of  apex  dis- 
tance with  length  of  face  must  be  known.     This  ratio  for  the 


above  mentioned  bevel  gear  is 


2.2363     3.25       3} 


or 


The  factor 


.6875         11 
in  the  table  for  this  ratio  with  a  No.  2  cutter  is  .268. 

Next  measure  the  cutter  at  the  proper  depth  a  +  c  for  8  pitch 
which  is  found  in  the  column  marked  "depth  of  space  below 
pitch  line"  in  the  regular  table  of  tooth  parts,  pp.  Il08~llll^  or 
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lividing  1.157"  by  the  diametral  pitch.     Thus  a  +  c  =  .1446". 

Suppose  it  is  found  by  measurement  that  the  thickness  of  the 

^utt-er  at  this  depth  is  .1259".     This  dimension  will  vary  with 

dififerent  cutters  and  will  vary  in  the  same  cutter  as  it  is  ground 

away,  since  formed  bevel-gear  cutters  are  commonly  provided 

with  side  relief.    By  substituting  these  values  in  the  formula 

Tc       factor  from  table  .,     -  „                  ,^ .     ,  ^  .      ,  .1259 
-^ p the  followmg  result  is  obtained,  — ^ 

'  P  -  =  .02945"  set-over  which  is  the  required  dimension. 

o 

98.  The  set-over  for  a  pinion  may  be  obtained  by  using  the 
same  formula. 

EoMimple.  —  A  bevel  pinion  of  16  teeth,  8  pitch  23°  22'  pitch- 
cone  angle,  |J"  face.  These  dimensions  call  for  a  No.  6  cutter 
and  an  apex  distance  of  2.2363". 

The  ratio  for  this  pmion  is     ^^-^   =  — r—  or  -^ • 

.6875  1  1 

The  factor  in  the  table  for  this  ratio  with  a  No.  6  cutter  is  .318. 

Assuming  the  cutter  to  measure  .1259"  at  the  proper  depth, 
by  substituting  these  values  in  the  formula  the  following  result 
is  obtained: 

lip  -  :^  =  .0232"  set-over. 

99.  Rule  for  obtaining  rotation  of  bevel-gear  blank. — 

Some  consider  it  safer  to  take  several  trimming  cuts  on  the  teeth 
of  a  trial  blank  to  obtain  correct  settings  which  may  be  noted 
and  duplicated  on  the  gear;  others  obtain  approximate  rotation 
as  follows: 

Finish  one  side  of  tooth,  move  table  an  amount  equal  to  twice 
the  setrover  and  rotate  blank  to  follow  cutter  an  amount  suffi- 
cient to  thin  the  tooth  to  the  required  thickness.  Applying 
this  to  the  gear  we  have  .02945  X  2  +  .1963  =  .1293",  or  the 
amount  which  the  pitch  line  must  be  rotated. 

A  rotation  of  7  holes  in  a  17-hoIe  circle  gives  a  movement  at 
the  pitch  line  of  the  gear  of  .1294". 

For  the  pinion  we  have  (.0232  x  2)  +.1963  -  .1259  =  .1168" 
or  the  amount  which  the  pinion  must  be  rotated,  and  a  move- 
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ment  of  .1168"  is  obtained  by  a  rotation  of  32  holes  in  a  43-faQle 
circle. 

100.  To  cut  bevel  gears  with  f  onned  gear  cott^s  it  is  neces- 
sary to  know  the  following  data: — Pitch  and  number  of  teeth: 
the  whole ^  depth  of  tooth  spaces  at  both  ends  of  teeth;  the 
thickness  of  teeth  at  the  pitch  line  at  both  ends;  the  height  of 
teeth  above  the  pitch  line  (or  addendum)  at  both  ends;  the 
cutting  angle/  that  is  the  angle  at  which  to  set  index  head  on 
milling  machine,  or  cutter  slide  carriage  on  automatic  gear  cut* 
ting  machine;  number  of  cutter;  approximate  set-over  of  blank 
and  approximate  rotation  of  blank;  and  whether  milling  ma- 
chine or  gear  cutter  is  to  be  used. 

101.  Cutting  angle.  —  It  may  be  noted,  Fig.  44,  that  the 
cutting  angle  of  the  gear,  60^  14',  measured  from  the  horizontal 
or  axis  of  gear,  is  the  same  as  face  angle  of  pinion;  and,  inversely, 
the  cutting  angle  of  pinion,  23^  22',  is  the  same  as  face  angle 
of  gear.  See  p.  1153.  This  gives  a  parallel  clearance,  that  is, 
the  line  of  the  bottom  of  the  tooth  is  parallel  to  the  face  of  the 
mating  gear  and  it  does  not  pass  through  the  cone  apex  or  com- 
mon point  of  the  axes.  The  process,  the  number  of  cutter,  and 
the  approximate  set-over  must  also  be  known. 

The  process  of  cutting  a  bevel  gear  with 
a  formed  gear  cutter:  First  measure  out- 
side diameter  of  blank,  angles  and  length 
of  face,  and  if  correct,  securely  fasten 
blank  on  mandrel  or  arbor,  then  scratch 
whole  depth  of  space  at  large  end  with 
depth  of  gear  tooth  gage,  see  Fig.  50. 
Fasten  cutter  on  arbor  central,  and  cut 
one  space;  then  index  and  cut  second 
space  which  produces  a  tooth  which  is  a 
little  too  thick.    Now  move  the  blank 
the  trial  distance  off  center  A,  Fig.  47, 
then  rotate  the  blank  in  the  same  direction  as  the  set-over,  as 
at  B,  until  the  cutter  just  touches  the  side  of  the  tooth  at  the 
small  end,  and  allow  the  cutter  to  pass  through  again.    See 
pp.  1160,  1161,  1165,  1167. 


Fia.  47.  —  Trimming 
Side  op  Tooth. 
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Index  blank  for  next  space  and  make  the  same  settings  on  the 
other  side  of  center  and  trim  the  second  side  of  tooth.  Measure 
thickness  of  tooth  at  both  ends  and  make  corrections.  If  by 
measurement  both  ends  are  a  little  too  thick,  but  proportional, 
rotate  blank  and  make  trial  cuts  until  tooth  is  of  correct  thick- 
ness at  both  ends.  If  too  thick  at  large  end  and  right  at  small 
end  increase  set-over,  but  if  too  thick  at  small  end  and  right  at 
large  end,  the  set-over  must  be  decreased  and  the  process  re- 
peated on  another  tooth. 

After  determining  the  proper  amount  to  set  blank  out  of 
center,  the  teeth  can  be  finished,  without  making  a  central  cut, 
by  cutting  eJI  the  teeth  with  the  blank  set  out  of  center,  first 
on  one  side  and  then  on  the  other. 

To  prevent  the  teeth  being  too  thin  at  either  end,  it  is  im- 
portant, after  cutting  once  around  with  blank  out  of  center,  to 
give  careful  attention  to  the  rotative  adjustment  of  the  gear 
blank  when  setting  the  cutter  for  trimming  the  opposite  sides 
of  the  teeth. 

The  finished  spaces  of  teeth  are  not  alwajrs  of  the  form  that 
the  cutter  might  be  expected  to  make  them,  for  the  reason  that 
the  blank  must  be  set  off  center  and  rotated  to  make  the  teeth 
and  spaces  right  at  each  end. 

Warning.  —  Movement  made  on  one  side  of  tooth  must  be 
made  on  the  other  side,  otherwise  the  tooth  will  not  be  central. 

Information,  —  On  cast-iron  gears,  5-pitch  and  coarser,  and 
on  all  steel  gears  it  is  best  to  make  one  central  cut  all  around  the 
blank,  then  two  trimming  cuts  one  on  each  side  of  teeth. 

Attention,  —  As  cutting  the  first  tooth  is  largely  experimental, 
it  is  best  for  a  student  to  use  a  trial  blank  and  make  a  record  of 
data  obtained. 

102.  To  file  bevel-gear  teeth,  it  is  necessary  to  file  the  faces 
of  the  teeth  slightly  above  the  pitch  line  at  the  small  ends,  as  the 
cutter  is  selected  for  the  outline  of  tooth  at  large  end  thus  Jeav- 
ing  the  tooth  at  the  small  end  too  thick  at  the  point.  Use  b'' 
or  6",  number  0  or  1,  barrette  (smooth-back),  or  half-round  2d 
cut  or  bfistard  file.  Assume  that  the  tooth  curve  AB,  Fig.  48, 
at  the  large  end  is  correct  and  the  small  end  CD  is  correct  up  to 
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pitch  line.  File  both  aides  of  each  tooth  circular  and  tapering 
as  at  AE  and  A'E'  from  top  at  large  end  down  to,  or  nearly  t<». 
pitch  line  at  small  end. 

Mount  gears  in  testing  machine  or  fit  two  shafts  to  an  angle 
plate.    Place  gears  on  shafts  and  run  by  hand.    Use  a  little 


END 

Fig.  48.  —  Dotted  Linbb         Fia.  49.  —  Cdthno  Bbtsi.  Gkab. 
SnowrNQ  Where  to  File 
Bevbl-Gear  Tooth. 

Prussian  blue  or  a  mixture  of  red  lead  and  oil  on  teeth  and  make 
further  corrections  by  filing  high  places  as  indicated  by  bearing. 
Repeat  process  until  bearing  is  along  pitch  Une,  then  fit  the 
gears  to  place  in  machine  by  squaring  off  hubs.  See  Testing 
Gears,  p.  1182. 

103.  To  cut  bevel  gear  and  jHiiion  with  mMng  machine, 

Fig.  4». 
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SPECIFICATIONS  FOR  CUTTmO  BBVEL  GEAR  AND 

PINION,  Fig.  49 


Name. 

Geab. 

Pinion. 

Material  . . . 

C.  iron 

C.  iron 

W  —  Web. . 

Web 

Plain 

Style 

Bevel 

Bevel 

Hole 

1" 

1" 

O.  dia 

4.111" 

2.224" 

Face 

H" 

ir 

Hub  dia. .  . . 

H" 

14" 

No.  of  teeth. 

32 

16 

Diametral 
pitch 

P.  dia 

Depth    of 
tooth  at 
large  end . 

8     • 
4" 

.2696" 

8 
2" 

,2696" 

Depth        of 
tooth  at 
small  end 

. 1867" 

. 1867" 

Approx.  set- 
over  

Approx.    in- 
dex setting 

.0294" 

7  holes 

in  17- 

hole 

circle 

.0232" 

32  holes 

in43- 

hole 

circle 

Namb. 


Thickness  of 
tooth  at  P.  L. 
large  end 

Thickness  of 
tooth  at  P.  L. 
small  end. . . . 

Depth  of  tooth 
at  P.  L.  large 
end.  (Adden- 
dum)  

Depth  of  tooth 
at  P.  L.  small 
end.  (Adden- 
dum).   

Chordal  thick- 
ness at  large 
end 

Chordal  thick- 
ness at  small 
end 

Corrected  adden- 
dum at  large 
end 

Corrected  adden 
dum  at  small 
end 

Center  angle. . . 

Face  angle 

Cutting  angle . . 

Apex  distance  at 
P.L 

Cutter   marked 

Speed 

Keyway 

Lubricant 


Gbab. 


.196 


// 


.137 


// 


.125 


// 


.0866" 
. 1961" 
.  1368" 
.  1261" 


.0873" 
63*26' 
23**  22' 
60**  14' 

2.2363" 

#2-8  P. 


Pinion. 


.196 


tr 


.137 


tf 


.126 


ff 


0866 


ff 


// 


1961 


. 1368" 


.1293" 


.0895" 
26<>  34' 
60**  14' 
23**  22' 

2 . 2363" 

#6-8  P. 


1st  or  2d  speed  or  60 
F.P.M. 

Medium  power  feed  — 
.(X)7"  per  cutter  revo- 
lution 


Dry 


// 


AUenHon,  —  It  is  best  to  leave  bevel-gear  hubs  long  to 
allow  for  squaring  to  place. 
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SCHEDULE  OF  OPERATIONS  FOR  GEAR 


L  ^epaiatorr  adjustmeats. 
Place  cutter  A  oa  arbw  B  to  cut 
in  direction  of  arrow  so  a»  to  cut 
from  small  end  to  large  end  of  tooth,' 
then  clamp  hard.  Fasten  index 
head  in  table.    Set  swivel  table 

n.  Set  cotter  central.  Place 
pointed  center  in  index  bead  and 
set  cutter  central,  as  at  A',  Pig. 
49,  and  cross-feed  dial  at  zero. 

nL  Mount  trial  blank  on  ailMr. 
Remove  center  and  mount  trial 
blank  C  on  stub  arbor  D  and  drive 
arbor  lightly  into  index-head 
spindle. 

IV.  Arrange  Index.  Arrange  in- 
dex for  32  teeth  and  set  index 
head  at  M«Ie  60°  14'. 


Fio.  50.  —  Markinq  Depth  on 
Bevei/-Gear  Blank. 

V.  Obtain  depth  of  teeth.  Mark 
depth  line  A  with  gage  B,  Rg.  50, 
for  large  end  of  teeth.  Start 
machine,  elevate  knee  and  with 
power  feed  cut  first  space  to 
depth,  two  or  three  cuts.  Adjust 
table  dog  to  trip  feed  at  end  of  cut. 
Move  blank  back  until  clear  of 
cutter,    index    and    cut   second 


space.  Cutting  two  spaaea  cen- 
tral produces  a  tooth  that  is  a 
little  too  thick. 


Fig.  si.  —  DoTTBD  Links  Shok- 
INO  WnxBB  TO  Tbui  BbveI/- 
Gbab  TooiH. 

VL  Trimming  bevd-gear  tooO. 
Move  table  back  until  blank  a 
clear  of  cutter.  Move  cross  slide 
inward  .0294",  revolve  blank  outr 
word  toward  cutter,  7  holes  in  4.> 
hole  circle  and  trim  first  Bide  of 
tooth.  See  A,  Fig.  51.  Move 
blank  back  clear  of  cutter  and 
croas  slide  bock  to  zero;  index  to 
first  space,  then  move  outward 
.0294"  and  revolve  blank  inward 
toward  cutter,  4  holes  second  side 
of  tooth.     See  B,  Fig.  51. 


Fio.  52.  —  Mbabobino  TocKKBaa 
or  Betxl-Geab  Tooth  wrre 
Vbrwibb  Cald-eb. 
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vn.  Test  tfaickness  of  tootii. 
Caliper  tooth  at  both  ends  with 
rear-tooth  vernier,  Fig.  52,  or 
;age,  Fig.  53.  To  measure  thick- 
less  of  gear  tooth  with  vernier, 
Pig.  52y  adjust  until  vertical  scale 
B  the  addendum  distance  from 
mds  of  jaws,  then  adjust  sliding 
jaw  to  tooth  and  the  horizontal 
scale  will  show  thickness  of  tooth 
at  pitch  line.  See  Vernier  Prin- 
ciple, pp.  2X1,  212,  1113. 

Make  corrections  if  necessary 
by  changing  set-over  or  index  set- 
ting, or  both,  and  take  trial  cuts 
until  tooth  is  correct  at  both  ends. 


Fig.  53.  —  Testing  Thickness 
OF  Bevei/-Giiab  Tooth. 


VnL  Cut  82  teeth.  Remove 
trial  blank  from  arbor  and  mount 
gear  blank.  Move  cross  slide 
inward  .0294''  off  center,  or  the 
amoimt  found  to  be  correct,  and 
cut  all  around.  Move  table  back 
untn  blank  is  clear  of  cutter. 
Move  cross  slide  outward  the 
same  amount  on  other  side  of 
center,  revolve  blank  inward 
toward  cutter  14  holes  and  cut  all 
around  second  time,  which  com- 
pletes gear. 

Warning,  —  To  obtain  accurate 
settings,  move  table  to  correct 
position  by  always  keeping  the 
backlash  on  the  same  side,  move 
table  out  a  half-turn  or  so  and 
then  advance  it  to  the  correct 
dial  reading  when  necessary. 

Information,  —  For  coarse 
pitches  or  very  accurate  gears, 
allowance  should  be  made  for  the 
curve  of  the  pitch  circle  when 
measuring  thickness  of  tooth  by 
obtaining  the  ''corrected  adden- 
dum'' and  ''chordal  thickness/' 


104.  Trial  method  of  obtaining  data  for  set-over  and  rota- 
tion for  cutting  bevel  gears.  —  In  the  absence  of  data,  cut  two 
spaces;  then,  take  as  a  trial  distance  for  set-over  from  one-sixth 
to  one-eighth  thickness  of  tooth  on  pitch  line  at  large  end. 
Rotate  blank  and  move  table  until  stationary  cutter  enters 
space  and  touches  side  of  tooth  at  small  end  and  cut  through, 
then  return  and  index. 

Move  blank  same  amount  out  of  center  on  other  side  and 
rotate  blank  until  cutter  touches  other  side  of  tooth  at  small 
end.  Cut  through  and  measure  tooth  at  both  ends  then  pro- 
ceed as  on  p.  1163. 
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CUTTING  BEVEL  GEAR  IN  AUTOMATIC  GEAH-CUTTISG 
MACHINE 

106.  To  cut  bevel  gear  and  pinioa  villi  automatic  Bpur-  uid 
bevel-gear  cutting  machine,  Fig.  54.  —  The  information  given 
in  the  schedule  for  cutting  a  bevel  gear  in  a  miUing  machine  b 
needed  when  cutting  a  similar  bevel  gear  in  an  autwnatic  gear- 
cutting  machine  and  is,  practically,  used  in  the  same  manner 


-Cutting  Bevel  Gear.    Adtouatic  Spor-  a 
Gbar  Cii'iTiNo  Machine. 


except  that  the  cutter-slide  carri^e  on  the  automatic  gear- 
cutting  machine  is  set  to  the  cutting  angle  instead  of  the  in- 
dex head  on  the  milling  machine,  and  the  cutter  is  set  off  center 
instead  of  moving  the  gear  blank.  See  pp.  115&-1168.  Tlus 
type  of  machine  is  also  used  to  "rough  out"  bevel  gears  thai 
are  to  be  finished  by  planing  or  by  generating  processes.  See 
pp.  1171-1177. 
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SPECIFICATIONS  FOR  CUTTING  BSVBL  GEAR  AND  PINION, 

Fig.  64 


Namb. 

Gear. 

Pinion. 

Name. 

Gbar. 

Pinion. 

« 

Material 

Machine 

Machine 

Depth  of  tooth 

steel 

steel 

at  P.L.  large 
end.        (Ad- 

dendum) .  .  . 

.1000" 

.1000" 

W  — Web 

Web 

Plain 

Depth  of  tooth 
at  P.L.  small 
end.       (Ad- 

dendum) .  . . 

.0675" 

.0675" 

Style 

Bevel 

Bevel 

Circular  pitch, 

large  end . . . 

.314" 

.314" 

Hole 

1" 

1" 

Chordal  thick- 
ness at  large 

end 

.  157" 

.  157" 

O.  diam 

6.074" 

2 .  186" 

Chordal  thick- 
ness at  small 

end 

.106" 

.106" 

Face 

f" 

i" 

CJorrected    ad- 
dendum    at 

% 

large  end . . . 

.100" 

.  103" 

Hub  diam 

2" 
(rough) 

U" 

Corrected    ad- 
dendum    at 

small  end . . . 

.0675" 

.0695" 

Backing-tip    of 

lA" 

lA" 

Center  angle. . 

68°  12" 

21°  48' 

tooth  to  back 

of  hub 

Teeth 

60 

20 

1  Face  angle 

19°  41' 

66°  5' 

Diametral  pitch 

Cutting  angle . 

66°  5' 

19°  41' 

at  large  end  . 

10 

10 

Approx.     diam- 

Apex, distance 

etral     pitch 

at  P.L 

2.6926" 

2.6926'' 

at  small  end . 

14.8 

14.8 

P.  diam 

6" 

2" 

Cutter  marked 

y2-10  P. 
Bevel 

#5-10  P. 
Bevel 

Depth  of  tooth 

Rev.  for  cutter 

60 

60 

at  large  end . . 

.216" 

.216" 

Depth  of  tooth 

Feed  per  min. . 

2" 

2" 

at  small  end . . 

.  146" 

.  146" 

Key  way 

i"  X  i" 

A"  X  A" 

tooth  at  P.L.. 

Urge  end 

. 1571" 

.  157r 

Thickneflfl       of 

Lubricant .... 

Dry 

Lard  or 

tooth  at  P.L., 

an  oil 

small  end.... 

.1060" 

. 1060" 

solu- 

tion 
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SCHEDULE  OF  OPERATIONS  FOR  BEVEL  GEAR 


Arrange  index  change  gears. 

Test  work  arbor  A,  Fig.  64. 

Mount  gear  blank  B, 

Mount  and  adjust  the  support- 
ing arm  C 

Mount  cutter  D  and  set  central 
with  center  indicator.  See  p. 
1121. 

Set  cutter  slide  E  to  cutting 
angle. 

Lower  head  F  approximately. 

Mark  depth  of  tooth  with  gage. 

Arrange  rim  rest  G. 

Arrange  speed  and  feed  gears. 

Arrange  reversing  dogs  to  give 
length  of  cut. 

Start  machine.  Throw  in  feed 
and  move  carriage  until  cutter 
cuts  to  depth  line  (two  or  three 
cuts).  Clamp  carriage  before 
each  trial  cut. 

Adjust  stop  that  limits  carriage 
travel. 

Throw  in  automatic  index  and 


feed.  Cut  two  spaces  to  produce 
a  tooth.  Throw  out  index  and 
feed. 

Move  index  gear  around  by 
hand. 

Measure  dimensions  of  tooth 
at  both  ends  with  gear  tooth  ver- 
nier caliper.  Make  corrections 
by  setting  cutter  off  center  first 
on  one  side  then  on  the  other,  re- 
volving gear  (by  movin^^  index 
wheel)  and  taking  trial  cuts  until 
tooth  is  of  correct  thickness.  See 
pp.  1121,  1162. 

After  the  amount  of  setrover 
of  cutter  and  index  wheel  rotation 
are  obtained,  cut  gear  with  two 
cuts.  First  cut  all  around  blank 
with  cutter  set  over  to  ri^t  of 
central  line,  then  take  second  cut 
all  around  with  cutter  set  to  left 
of  central  line  with  proper  index 
wheel  rotation.  See  pp.  Il2l, 
1162. 


Attention.  —  Pinion  is  cut  in  the  same  manner  as  gear. 


PLANING  BEVEL  GEARS 

106.  The  planing  process  is  largely  used  to  produce  bevel 
gears  of  precision.  —  In  a  correctly  formed  bevel-gear  tooth, 
the  curvature  of  the  sections  from  end  to  end  is  not  uniform; 
therefore,  a  formed  milling  cutter  will  not  produce  an  accurate 
tooth.  The  planing  process  shapes  each  tooth  correctly  to  the 
cone  lines,  thus  insuring  an  accurate  tooth-oontour.  The  tool 
always  travels  at  the  correct  angle  of  the  gear  from  the  top  of 
the  tooth  to  the  root.  The  small  end  of  the  tooth  is,  therefore, 
in  proportion  to  the  large  end. 

107.  To  rough  out  teeth  of  bevel-gear  blanks.  —  While 
bevel-gear  generators  are  capable  of  planing  finished  gears  from 
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smooth  blanks,  they  are,  primarily,  precisian  macluDes  that 
take  the  finiBhing  cuts  to  produce  accurate  tooth-contour; 
therefore,  it  is  best  to  first  rough  out  the  teeth  with  a  milling 
cutter  in  an  automatic  gear-cutting  machine,  or  in  a  milling 
machine. 


108.  Sin^e-tool  aotomttic  fonner  bevel-gear  plsner,  Fig. 
55,  shows  the  method  of  planing  the  teeth  of  bevel  gears  by  the 
former  or  templet  principle.  The  formers  or  templets  are  made 
in  a  former  generating  machine.  The  tool  is  reciprocated  by  a 
quick  return  crank  motion. 

To  finish  plane  the  curved  sides  of  the  teeth  of  bevel-gear 
blank  A,  templet  B  guides  tool  C  to  plane  the  surplus  stock  from 
the  side  of  one  tooth.  The  machine  then  automatically  in* 
dexes  to  the  next  tooth,  and  so  on  until  one  side  of  each  tooth  is 
finished.  The  reverse  templet  D  is  then  brought  into  position, 
and  the  opposite  side  of  each  tooth  is  finish  planed  to  cor- 
rect thickness. 

Attention.  —  Straight  templet  E  may  be  used  to  rough  out 
the  teeth. 
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109.  Action  of  tool  and  gear  blank.  —  The  gear  blank  re- 
mains stationary.  The  templet  holder  F,  Fig.  55,  is  set  to  the 
cutting  angle.    The  templet  curve  is  larger  than  the  tooth 

_^  curve  to  allow  for  the  distance 

^.■^•'^— TEMPLET  .      .      * 

\^     /  it  IS  from  the  cone  center.    Tool 

^^  --^^^  C,  Fig.  56,  guided  by  its  slide 

travels  toward  the  apex  of  the 
cone.  The  tool  cuts  with  its 
point  only. 

110.  The  forming  process  is 

obtained  by  means  of  a  cam 

Fio.  56. -Generating  Action  op  ^^^  ^  Ao\f(/^  link  motion:  the 

Single-Tool  Automatic  Bevel-  i      j   .  _x-     n 

Gear  Former  Planer.  ^"^  /«  ^^^^  verticaUy  upon 

its  axis,  and  smiultaneously,  the 

roll  runs  on  the  templet  swinging  the  tool  about  its  horizontal 
axis  which  reproduces  the  desired  form  on  the  tooth. 

BEVEL-GEAR  GENERATING  MACfflNES 

111.  Two-tool   automatic   generating   bevel-gear   planer, 

Fig.  57.  —  The  teeth  of  blank  A  are  finished  with  a  pair  of  cut- 
ting tools  which  plane  simultaneously  opposite  sides  of  the 
same  tooth.  After  one  tooth  is  finished,  the  machine  auto- 
matically indexes  to  the  next. 

112.  The  action  of  gear  blank  and  tools.  —  The  tools,  A^  A, 
Fig.  58,  represent  a  cross  section  of  two  adjacent  teeth  of  a 
circular  rack  or  crown  gear. 

The  tools  are  guided  by  the  sUdes  so  that  they  travel  toward 
the  apex  of  the  gear  cone.  The  motions  of  gear  blank  and  tools, 
as  indicated  by  arrows  B  and  C,  cause  the  tools  to  move  "out " 
and  "in^^  as  the  rolling  motion  passes  the. center,  thereby 
generating  the  curves  on  both  sides  of  a  gear  tooth.  While  one 
tool  cuts  on  the  forward  stroke,  the  other  cuts  on  the  backward 
stroke,  as  at  DE, 

113.  The  generating  process  of  the  two-tool  automatic 
generating  bevel-gear  planers.  —  Bevel-gear  blank  A,  Fig.  57, 
is  mounted  upon  a  spindle  which  is  permanently  attached  to 
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a  semicircular  ami.    To  this  ami  a  removable  segment  of  a 
master  gear  is  fastened  \irhich  mttHhes  with  a  ix;nnanent  sector 


of  a  circular  rack  or  crown  gear;  this  crown  gear  is  connected 
with  the  cutter  shdes  and  in 
line  with  them.     These  cutter 
slides  can  be  set  to  any  angle 
and  size  of  tooth. 

The  rolling-generating  mo- 
tion of  the  arm  and  gear  blank 
13  obtained  from  a  cam  mech- 
anism and  a  slotted  link.  The 
cutters  have  a  crank-shaper 
motion.  Automatic  indexing 
ia  obtained  by  a  worm  and  ^"-  ^^■ 
worm  wheel  and  change-gear 
mechanism. 

114.  Automatic  geoeratiag  bevel-gear  shaper,  Fig.  59.  — 
This  machine  consists  of  two  principal  parts,  —  shaper  A  which 


Generating  .Action  op 
Two-Tool  Automatic  Gbneratv 

INO    BBVELr^iEAR   PLANEB. 
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Operates  cutting  tool  C,  and  generating  bead  B  which  contrdr 
the  movements  of  gear  blank  D.  Cutting  tool  C  represents  one 
tooth  of  a  circular  rack  or  crown  gear  and  is  given  a  reciprocatii^ 
motion  similar  to  the  cutting  tool  of  a  ahaper. 

116.  The  generating  process  of  the  single-tool  autmnatic 
generating  bevel-gear  shaper,  Fig.  59.  —  The  rolling-generat- 
ing motion  of  the  bevel-gear  blank  [)aHt  the  cutting  tool  l< 
obtained  by  a  conical  swinging  motion  of  the  arbor  aJmul- 
taneously  with  the  rotation  of  the  blank  produced  by  two  st«l 
tapes  stretdied  in  opposite  directions  and  fastened  to  a  seg- 
ment of  a  master-cone  correspondii^  to  the  pitch  cone  of  the 
gear  blank  and  attached  to  the  arbor.  The  other  ends  of  the 
tapes  are  attached  to  the  frame  work  of  the  generatii^  head. 


The  combination  of  these  movements  generates  the  involute 
curve. 

The  feed  mechanism  gives  a  slow  intermittent  movement  to 
the  semicircular  plate  which  supports  the  inclined  arbor  anJ 
produces  a  progressive  rolling  of  the  blank  while  the  tool  plsoes 
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the  side  of  a  tooth.     Automatic  indexing  in  obtained  by  worm 
and  wheel  and  change  gears. 


GENERATING  BEVEL  GEARS  WITH  MILLING  CUTTERS 

116.  Automatic  bevel-gear  generatiiig  machine.  Ra4ial 
teeth  milling  cutters,  Fig.  60.  —  Bevel  gears  can  be  cut  or 
generated  with  milling  cutters  providing  the  cutters  are  made 
to  follow  the  path  of  a  circular  rack  or  crown  gear  tooth. 

In  this  machine  two  milling  cutters,  with  staggered  interlock- 
ing radial  teeth,  cutting  simultaneously,  are  used. 


Flu.  60.  —  GENERATiNa  Bevxl  Gear  with  Rotart  CmTTXBB. 


117.  The  generating  process  of  the  automatic  bevel-gear 
generating  machine  which  cuts  bevel-gear  teeth  \rith  milling 
cutters.  —  The  interlocking  cutters  A  and  B,  Fig.  60,  are 
mounted  upon  separate  spindles  at  the  desired  pressure  angle 
and  also  at  the  required  angle,  to  form  the  sides  of  the  two  ad- 
jacent teeth  of  the  bevel  gear.  The  bevel-gear  blank  C  is 
fastened  to  a  mechanism  similar  to  a  milling  machine  dividing 
head  which  is  mounted  upon  a  sector  and  set  to  the  cuttii^ 
angle.  The  blank  is  fed  to  the  revolving  cutters  to  the  proper 
depth,  then  rolled  to  the  right  and  left  past  these  revolving  cut- 
t«is  to  generate  the  tooth  curves.    The  rolling-generating  mo- 
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tioii  is  obtained  by  gears  and  a  crank  mechaniatn.  Th*"  cutters 
renuuD  statioimry. 

The  work  spindle  is  provided  with  an  indexing  naechaojsm 
which  operates  automaticaUy. 

118.  Spiral  bevel  gears,  Fig.  61,  are  used  for  automobile 
drives,  and  machines  where  high  speeds  and  extremely  quiet 
running  are  desired.  The  engagement  of  the  teeth  is  graduid. 
Instead  of  striking  a  full  line  contact  at  once,  they  roll  on  to  each 
other:  One  pair  of  teeth  is  engaging  while  the  preceding  pair  is 
afiill  in  contact,  simitar  to  other  forms  of  spiral  gearing. 


Fig.  61, — Spiral  Bkvbl  Gbar  amd  Pinion.    Ra-ho  3A  to  1. 

119.  Automatic  Bpiral-type  bevel-gear  generating  machine.— 
Fig.  62  shows  the  bevel-gear  blank  and  cutter  in  position.  The 
cutter  is  in  the  form  of  a  face  mill,  and  is  set  at  the  same  radium 
as  the  gear  teeth,  and  passes  through  the  blank  in  a  curved  path. 
Spiral  bevel  pinion  A,  with  teeth  roiled  out,  is  mounted  upon 
its  arbor  for  finishing.  The  rotary  cutter  head  has  20  staggered 
inserted  cutters  B,  B,  B,  which  in  cross  section  are  similar  to  the 
teeth  of  a  circular  rack  or  crown  gear.  They  are  set  at  a  radius 
to  give  the  required  curve  to  the  teeth  —  ten  for  the  curve  of 
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the  outside  of  a  tooth  and  ten  for  the  curve  of  the  inside  of  a 
tooth.  To  generate  the  tooth  curve,  both  cutter  head  and  gear 
blank  roll  together  by  means  of  a  geared  drive.  The  machine 
is  set  to  cut  one  side  of  one  tooth  after  which  it  automatically 
indexes  to  the  next  tooth  and  continues  this  process  until  all  are 
cut.  Then  the  machine  is  set  to  cut  the  other  side  of  a  tooth 
to  the  required  thickness;  and  so  on,  until  all  are  automatically 
finished  in  the  same  manner. 


Fig.  62.  —  Cutting  Spiral  Bevel  Pinion. 


120.  To  **  rough  out ''  or  *'  stock  out "  spiral  bevel  gears, 
special  cutters  are  needed.  The  generating  motion  is  used  in 
rough-cutting  the  pinion.  In  the  gear,  the  sides  of  the  teeth 
are  so  flat  and  so  nearly  straight  that  the  generating  motion  is 
omitted. 


1 
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121.  Comparison  between  standard  involute  teeth  and  stub 
teeth  is  shown  in  Figs.  63,  64.  —  Involute  teeth  have  a  pres- 
sure angle  of  14|^,  as  in  Fig.  63,  in  which  two  standard  involute 
spur  gears  are  shown  in  mesh,  as  at  A,  and  a  gear  engaging  a 
rack,  as  at  B, 


Flo.  63.  —  Staxdabd  Involute  Spur  Gsabs  and  Rack. 

Stub-tooth  spur  gears  generally  have  a  pressure  angle  of  20"*, 
as  in  Fig.  64,  in  which  two  stub-tooth  spur  gears  are  shown  in 
mesh  as  at  il,  and  gear  engaging  rack,  as  at  B, 

These  gears  are  largely  used  in  automobile  transmissions 
where  strength  is  the  main  consideration.  A  table  ci  stub- 
tooth  proportions  is  shown  on  p.  1179. 


Fig.  64.  —  Stub  Spxtb  Gears  and  Rack. 


122.  Table  of  Tooth  Dimensionsi  20^  stub-tooth  system.  — 

The  figures  denoting  the  diametral  pitch  of  the  stub  tooth  are 
stated  in  the  form  of  a  fraction,  the  first  figure  indicating  the 
pitch  or  thickness  of  the  tooth,  and  the  second  the  depth.  For 
example,  a  |  stub  tooth  has  the  thickness  of  a  6  pitch  tooth  of 
14i°  and  the  depth  of  an  8  pitch  tooth,  the  pressure  angle 
generally  being  20°. 
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DUUBTBU. 

^ST"  *"■■»-   °" 

^™. 

Wholi  Dbpth 
or  Tooth. 

1 

.3927 

2000 

0500 

.4S00 

3U2 

1429 

0357 

.3314 

261S 

1250 

0312 

.2812 

2S44 

nil 

0278 

.2500 

1963 

1000 

02S0 

.2250 

1745 

Mog 

0227 

1671 

0833 

0208 

.1876 

" 

1309 

0714 

0179 

.1607 

123.    A  pair  ctf  stub-toottt  sUding  spur  gears  ib  ahown  in  Fig. 


Fig.  65.  —  BrnB-TooTH  SLiDDfO  Spna  Gbabs  with  Tebth  Rottnded 
AT  Ehim.    Ubkd  fob  AuTOuoBtLB  Tbansuission. 

These  gears  are  largely  used  in  automobile  transmissions  and  in 
some  machine  tools.  They  are  made  of  steel  and  are  heat 
treated.  See  Principles  of  Machine  Work.  The  ends  of  the 
teeth,  as  at  X  and  B,  are  rounded  with  a  cutter  in  a  mitling 
machine  or  with  a  special  cutter  in  a  tooth-rounding  machine. 
The  rounded  teeth  readily  permit  an  end  or  sliding  engagement 
while  in  motion,  as  shown  at  A'  and  B'.  The  center  distance 
is  not  changed  as  is  the  case  with  pointed  gears. 
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124.  Pointed-tooth  gears,  Fig.  66,  are  designed  to  engage 
readily  with  each  other  while  in  motion.  They  are  usually 
made  of  steel  and  heat  treated. 

Gear  A  is  moved  toward  gear  B,  The  points  of  gear  A  readily 
enter  the  spaces,  or  mesh  with  gear  B.    Under  a  light  load,  the$o 


Fig.  66.  —  Pointed-Tooth  Gears.    Easy  Engagement. 

Adjustable  Center. 


gears  may  be  run  at  variable  center  distances.  They  are  oft-eu 
called  adjustable  spur  gears.  At  C  the  gears  are  shown  at  full 
mesh,  running  with  their  pitch  circles  tangent  to  each  other. 

Warnii\jQ,  —  Do  not  attempt  to  make  standard  gears  mesh 
while  in  motion  as  the  back  gears*  of  an  engine  lathe,  for  the 
wide  tops  of  the  teeth  may  come  together,  as  at  D,  which  usually 
breaks  the  teeth  and  ruins  the  gears. 
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NOISELESS  GEARS 


126.  Noiseless  Gears.  —  While  gearing  is  undoubtedly  an 
eal  method  of  power  transmission,  the  noise  produced  by  the 
otal-to-metal  contact  of  high-speed  gear  transmissions  is  a 
lurce  of  annoyance.     This  noise  and  vibration  can  be  greatly 


Fig.  67.  -~  Noiseless  Gears. 

reduced  by  the  Substitution  of  a  "noiseless  pinion"  made  of 
rawhide,  compressed  cotton,  or  fiber,  as  at  A  and  B,  Fig.  67. 
The  contact  of  metal  with  a  soft  material  is  nearly  noiseless,  or 
at  the  most  produces  only  a  low  hum.  These  gears  are  made 
with  steel  or  bronze  flanges  at  the  sides,  as  at  C  and  D,  which 
may  or  may  not  form  part  of  the  working  surface,  and  often 
with  metal  centers.  The  flanges  and  soft  material  are  drilled 
and  riveted  or  bolted  together.  The  hole  is  bored  and  reamed, 
Ae  blank  turned  in  the  lathe,  and  the  teeth  cut  by  the  same 
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TESTING  GEARS 


136.  To  test  a  spur  gear  in  the  spur-gear  testing  machine, 

Fig.  68.  — 


Via.  68.  —  TEaxiNQ  Center  Distance  or  Spira  Gear  and 
Pdoon  in  Spdr  Geak  Testino  Machine. 


Tliis  machine  is  used  to  test  spur  gears  to  determine  whether 
they  have  correct  bearing  and  run  quietly  at  the  correct  center 
distance  for  which  they  were  designed. 

The  gear  to  be  tested  is  adjusted  to  mesh  with  a  master-gear, 
that  is,  a  gear  that  is  known  to  be  accurately  cut  or  ground. 

Mount  master-gear  A  on  stud  B  and  spur  pinion  C  on  stud  D. 
Rub  a  little  Prussian  blue  or  red  lead  on  the  teeth  of  the  master- 
gear  and  bring  the  gears  tc^ther  by  moving  slide  E  and  clamp- 
ing with  handle  F.  Rotate  maater^ear  and  feel  for  eccen- 
tricity, noting  the  amount  of  bearing  on  the  teeth.  Read  slide 
Q  and  vernier  H,  which  reads  to  thousandths  of  an  inch,  to  sec 
if  center  distance  is  within  the  required  Umit.  If  the  center 
distance  is  too  great,  the  spaces  of  the  [»nion  may  be  cut  deeper. 
A  very  small  amount  of  eccentricity  in  the  pinion  may  be  cor- 
rected by  Sling  the  teeth  as  indicated  by  the  bearing  on  the  teeth, 
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Bee  pp.  1163, 1164.  A  large  amount  of  eccentricity  shows  that 
the  arbor  on  which  the  pinion  was  cut  was  not  true.  Hardened 
and  ground  steel  bushings  J  and  studs  are  used  for  gears  with 
holes  of  different  sizes.    The  studs  are  released  by  handle  K, 

AUerUion.  —  Bevel  and  miter  gears  may  be  tested  as  in  Fig. 
69,  and  spiral  and  worm  gears  as  in  Fig.  70. 

127.  Power  driven  bevel  gear  testing  machines  for  bearing 
and  quietness.  — 

Heat  treated  and  pack  hardened  bevel  gears  may  be  tested 
for  bearing  and  quietness  with  the  bevel-gear  testing  machine, 
as  shown  in  Fig.  69.  These  two  conditions  go  together  in 
straight-tooth  gears. 


irvtL 

GEAR 


Fig.  69.  —  Tehtino  Hardened  Bevel  Gears  for  Bearing  and 

Quietness. 

Mount  gear  A  and  pinion  B  on  suitable  arbors  on  the  machine 
and  adjust  to  proper  positions  so  that  the  theoretical  cone 
apices  coincide.  If  the  blanks  have  been  turned  within  close 
limits,  set  the  back  angles  flush  with  each  other  and,  by  eye, 
adjust  for  depth  engagement  using  the  hand  wheels  C  and  D, 
then  lock  the  heads.  Rub  a  marking  of  Prussian  blue,  or  red 
lead,  on  the  tooth  surfaces.  Apply  power  to  pulley  E  on  pinion 
spindle  and  adjust  weight  F  on  lever  of  brake  on  gear  spindle  to 
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obtain  desired  load.  If  the  pinion  tooth  has  been  topper!  of 
too  much  in  cutting,  it  will  have  to  be  moved  nearer  to  nic 
quietly.  If  the  pinion  is  flanked  out  too  much,  it  will  have  to 
be  moved  outward.  The  amount  of  variation  permissible  for 
high-fipeed  gears  is  from  .002"  to  .003". 

128.  Lapping  gears.  —  Gears  made  of  suitable  sted  and  cut 
accurately  in  suitable  machines  and  properly  heat  treated,  sel- 
dom need  correction;  but  gears  made  of  unsuitable  steel,  or 
improperly  heat  treated,  may  warp  excessively  in  pack  hordai- 
ing. 

Slight  irr^ularities  in  a  pair  of  hardened  gears  are  scHnrtimpf 
corrected  by  running  them  tc^ther  with  a  fine  abrasive  and  cnl. 

Informalion.  —  Different  types  of  test  indicators  are  often 
fastened  to  the  movable  slide  to  determine  eccentricity'  or  tooth 
irregularities. 


Fia,  70. — Testing  Center  Distance  op  Wobh  and  Worm  Ge*«- 
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BEVEL  PROTRACTOR 

129.   Comparative  Table  of  Tooth  Dimensions,  gears  cut 
I  a  gear  shaper,  and  milled  gears,  14}^  system. 


Diame- 

Thicsk- 

Clearance. 

Whole  Depth. 

AODBN- 

tral. 

m»B  OF 

Gear 

Gear 

Pitch. 

Tooth. 

HUM. 

Shaper 

MlIl«BD 

Shaper 

Milled 

1 

Gear. 

Gear. 

Gear. 

Gear. 

1 

1.5708 

1.0000 

.2500 

.1571 

2.2500 

2.1571 

1§ 

1.0472 

.6667 

.1047 

1.4381 

2 

.7854 

.5000 

.0785 

1.0785 

21 

.6283 

.4000 

.0628 

.8628 

3 

.5236 

.3333 

.0524 

.7190 

4 

.3927 

.2500 

.0625 

.0393 

.5625 

.5393 

5 

.3142 

.2000 

.0500 

.0314 

.4500 

.4314 

6 

.2618 

.1667 

.0417 

.0262 

.3750 

.3595 

7 

.2244 

.1429 

.0357 

-  .0224 

.3214 

.3081 

8 

.1963 

.1250 

.0312 

.0196 

.2812 

.2696 

9 

.1745 

.1111 

.0278 

.0175 

.2500 

.2397 

10 

.1671 

.1000 

.0250 

.0157 

.2250 

.2157 

12 

.1309 

.0833 

.0208 

.0131 

.1875 

.1798 

14 

.1125 

.0714 

.0179 

.0112 

.1607 

.1541 

16 

.0982 

.0625 

.0156 

.0098 

.1406 

.1348 

18 

.0873 

.0555 

.0139 

.0087 

.1250 

.1198 

20 

.0785 

.0500 

.0125 

.0078 

.1125 

.1079 

22 

.Q714 

.0455 

.0114 

.0071 

.1023 

.0980 

24 

.0654 

.0417 

.0104 

.0065 

.0938 

.0899 

26 

.0604 

.0385 

.0096 

.0060 

.0865 

.0829 

28 

.0561 

.0357 

.0089 

.0056 

.0804 

.0770 

30 

.0524 

.0333 

.0083 

.0052 

.0750 

.0719 

32 

.0491 

.0312 

.0078 

.0049 

.0703 

.0674 

Thickness  of  tooth =  1.5708  -5-  diametral  pitch. 

Addendum =  1.0000  -i-  diametral  pitch. 

Clearance,  gear  shaper  gear  . .  =  0.2500  -5-  diametral  pitch. 

Clearance,  milled  gear =  0.1571  -r-  diametral  pitch. 

Who3e  depth,  gear  shaper  gear  =  2.2500  -r-  diametral  pitch. 

Whole  depth,  milled  gear  ....  =  2.1571  -h  diametral  pitch. 

130.  Bevel  protractor.  —  A,  Fig.  71,  is  used  to  establish 
and  test  angles.  It  is  graduated  into  360  divisions  called 
degrees.  The  degree  is  the  unit  of  angular  measurement,  ^^i^ 
part  of  a  circle.  For  calulation  a  degree  is  divided  into  60  parts 
called  minutes  and  a  minute  is  sub-divided  into  60  parts  called 
seconds. 
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\ 


Fia.  72.  —  Meascjunq  Angle  of  Twist  Drill.    Bevel  PiionuO* 

The  protractor  consists  of  beam  B,  graduated  dial  C  si 
blade  D  which  is  connected  to  rotating  disk  E  by  tbuniN''fl 
F  and  clamp  G.    Disk  E  carries  zero  point  (0).     Blade  0'^ 
adjustable  and  reversible  and  may  be  clamped  at  G- 
C  is  divided  into  four   quadrants  of  90°.     When  «n)  ^ 
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Q  dial  C  and  disk  E  coincide,  the  beam  and  blade  are  parallel 
ad  the  angle  is  180^. 

131.  To  measure  angle  with  bevel  protractor. —  For  included 
ogles  less  than  180^  and  greater  than  Wfy  loosen  thumb-nut 
'  slightly  and  bring  beam  B  and  blade  D  in  contact  with 
ork,  as  twist  drill  L,  Fig.  72,  and  subtract  reading  from  180^, 
3  at  M.  For 
Qgles  less  than 
0^,  aslathe 
enter  H,  Fig. 
1 ,  read  di- 
ectly  as  at  K, 

Supplement 
ary  beam  B', 
i'ig.  71,  is  con- 
''enient  for 
neasuri  ng 
I  mall  angles, 
he  angle  being 
>btained  by 
lubtracting 
eadingfrom 
K)%  as  90°  - 
K)°  =  30^asat 
^,  Fig.  76. 

132.  Vernier 
»evel  protrac- 

or.  Fig.  73|  is  Fio.  73.  —  Measxtbinq  Angle  of  Bevel  Gear  Blank 
ised  to  meas*  with  Vernier  Bevel  Protractor.  Reads  to  6 
ire  parts  of  a        Minutes  or  A  op  Degree. 

legree.  -4,  A'  is  a  double  vernier  divided  into  12  equal  parts 
aoh  side  of  zero.  When  reading  angles  less  than  180**  and 
ireater  than  90^,  vernier  A  is  used;  for  angles  less  than  90**, 
emier  A'  is  used. 

The  12  divisions  on  vernier  occupy  same  space  as  23^  on 
Hal  B.  This  divides  a  degree  into  12  parts,  each  part  equals 
0  -!- 12  =  5  minutes.    See  Vernier  Principle,  pp.  2ll,  2l2. 


KVCL 
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^ 
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133.  Table  of  tapers  per  foot  with  corresponding  angles  and 
tapers  per  inch. 


Tapbb  pbr 

Imgludbd  Anolb. 

Akolb  with 
Cbmtbb  Linb. 

Tapes  per 

TaPBB  per  IlCCB 

Foot. 

Inch. 

FBOM  CeSTTEB 

Deo. 

MXN. 

Dbg. 

MiN. 

LdNE. 

i 

0 

36 

0 

18 

.0104 

.0052 

t 

0 

54 

0 

27 

.0156 

.0078 

1 

12 

0 

36 

.0208 

.0104 

t 

1 

30 

0 

45 

.0260 

.0130 

1 

48 

0 

54 

.0312 

.0166 

t 

2 

6 

3 

.0365 

.0182 

2 

24 

12 

.0417 

.0206 

'. 

2 

42 

21 

.0469 

.0234 

3 

0 

30 

.0521 

.0260 

■i 

1 , 

3 

16 

38 

.0573 

.0286 

3 

34 

47 

.0625 

.0312 

* 

3 

52 

56 

.0677 

.0338 

4 

10 

2 

5 

.0729 

.aiAS 

i 

4 

28 

2 

14 

.0781 

.0391 

1 

4 

46 

2 

23 

.0830 

0417 

11 

6 

58 

2 

59 

.1042 

.0521 

l} 

7 

10 

3 

35 

.1250 

.0625 

1} 

8 

20 

4 

10 

.1458 

.0729 

2 

9 

32 

4 

46 

.1666 

.0833 

2J 

11 

52 

5 

56 

.2083 

.1042 

3 

14 

16 

7 

8 

.2500 

.1250 

Si 

Id 

36 

8 

18 

.2916 

.1458 

4 

18 

56 

9 

28 

.3333 

.1667 

4i 

21 

14 

10 

37 

.3750 

.1875 

5 

23 

32 

11 

46 

.4166 

.2083 

134.  To  find  angles  for  given  taper  per  foot. — 

Rvie:  Divide  one-half  the  taper  in  inches  per  foot  by  12  for 
the  tangent  of  the  angle  with  the  center  line.  The  included 
angle  is  twice  the  angle  with  the  center  line. 

Example.  —  Given  6"  taper  per  foot.    To  find  angle. 

Solution.  —  ^      ^^  =  .25000  tangent  of  angle  with  center  line 

The  angle  whose  tangent  is  .25000  (see  Table  of  Tangents 
in  any  Engineers'  Handbook)  equals  14^  2'.  Included  angle  - 
140  2' X  2  =  28**  4'. 

136.  To  find  taper  per  inch.  —  Divide  taper  per  foot  by  H 
for  included  angle  and  by  24  for  angle  with  center  line. 


COMPOUND  REST 
COHPOUin)    REST 


Fig.  74.  —  Turning  am  Anolb  witb  Coupodnd  Slide  Rebt. 
136.  Compoiuidre8t,Fig. 
74, 18  used  to  turn  or  bore 
Bteep  tapers  or  large  aiigles. 
It  may  be  a  pennaDeut  part 
of  cross  slide,  as  in  Fig.  74 
or  an  attachment  to  in- 
terchange with  tool  block. ' 
When  the  zero  lines  co-  Fia.  75.  —  Coufocnd  Slidb  Rest 
incide,  as  at  F,  Fig.  75,  it  Gbaddation. 

is  in  the  same  plane  as  regu- 
lar cross  slide.    To  set  at 
other  angles,  find  whether 
angle  is  measured  from  per- 
pendicular to  axis,  as  line 
-  ^-J'  K  GH,  Fig.  76,  or  parallel  to 
'  "^        axis,  as  line  JK .    If  from 
perpendicular,  as  angle  L, 
set  rest  at  60°.  If  parallel,  - 
as  angle  M,  set  at  90"  — 
30°  =  60°.     If  30",  as  at 
A.1HNO     ^.  set  direct.      If  60°,  as 
at   F,  set   at  compiemen- 
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tary  angle  30^.  If  angle  or  bevel  on  drawing  is  not  given  is 
degrees,  measure  with  protractor  or  transfer  angle  with  uni- 
versal bevel .  Hold  head  of  bevel  against  face  plate  of  lathe  and 
adjust  slide  of  compound  rest  to  coincide  with  blade  of  bevt 

137.  To  set  compound  rest  to  turn  taper  or  bore  taper  hole 
when  taper  is  given  in  inches  per  foot.  — 

First  Method.  —  Consult  table  of  tapers  and  angles  and  find 
angle  corresponding  with  desired  taper. 

Example.  —  To  bore  short  taper  hole  f "  taper  per  foot. 

Solviion.  —  Angle  with  center  line  for  taper  J"  per  foot  = 
rSO'.  Complement  of  angje  is  90°  -  V  30'  =  88°  30'  which 
is  setting  for  this  taper. 

Second  Method.  —  In  absence  of  table  set  rest  approximat^lv 
and  take  trial  cuts  until  exact  taper  is  obtained. 

138.  To  make  bevel  gear  blank  8  pitchi  32  teeth,  —h' 
specifications,  see  Figs.  45  and  74,  and  p.  1165.  True  cast- 
ing in  chuck,  drill,  ream,  press  mandrel  into  hole,  mount  on 
centers,  square  and  turn  to  size.  Set  compound  rest  .4,  H 
74,  for  angle  of  face  B  which  is  23°  22'  from  line  perpendicular 
to  axis,  therefore,  set  compound  rest  A  at  23°  22'  directly 
Move  carriage  under  blank  and  with  handle  C  move  cross  slii 
D  to  approximate  depth  of  cut  and  clamp  carriage.  Takeotf 
or  two  cuts  operating  compound  rest  by  handle  E,  then  te5 
bevel  with  bevel  protractor,  as  in  Fig.  73,  and  if  necessary 
adjust  compound  rest  and  repeat  cuts.  Set  compound  rest  to 
63°  26'  and  turn  outside  bevel  on  back  of  gear  and  with  saiD« 
setting  turn  inside  bevel  to  make  face  B  ^J"  wide.  Set  com- 
pound rest  at  zero.    Filing  and  polishing  may  be  omittd- 

139.  Fine  tool  adjustments  with  compound  rest. —  Whil^ 
a  finer  tool  adjustment  is  obtained  with  the  compound  rest  thss 
with  the  cross  slide  due  to  its  finer  actuating  screw,  a  still  finer 
adjustment  may  be  obtained  by  setting  the  compound  rest  at  an 
angle.  For  example,  we  assume  that  the  compound  rest  is  ^^ 
at  30°.  If  the  tool  is  moved  .001",  according  to  the  micromctt^ 
dial^  the  actual  distance  the  tool  moves  into  the  work  is  in  pi^^^ 
portion  to  the  cosine  of  the  angle  or  .001  X  cos  30°  =  .001 X 
87  =  .00087".  At  45°  the  depth  is  .00071",  and  at  60'  tbe 
depth  is  .0005". 
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SECTION  12 

TOOL  MAKING 

introdiKtion.    Making  liandreL     Testing' Lathe  Work  "V^th  Indtcaton. 

Xhread  Micrometer  Calipers.    Making  Taps.    Making  Plain  Milling 

Cotter.    Making  Hand  Reamer.    Lapping.    Making  Plug  Gage. 

Measuring  Machine.    Spiral  Milling.    Cutting  Teeth  In  Spiral 

MilL     Grooving    Twist    Drill.    Making    Twist    DiiU. 

Precision  Methods  of  Locating  Holes  For  Jigs  and 

Accurate  Machine  Parts  —  Plug  Method,  Button 

Method.    Sine  Bar. 

INTRODUCTION 

1.  Tool  making  is  the  fine  art  of  machine  building  and 
manufacturing.  It  consists  of  designing,  making  and  repair- 
ing small  tools,  such  as  taps^  dies,  reamers,  twist  driUs,  man- 
drels, arbors,  counterbores,  milling  cutters  and  gages. 

Standard  small  tools  are  obtainable,  but  many  others,  special 
in  diameter,  length  or  shape  including  punches  and  dies,  jigs 
and  fixtures,  needed  in  machine  building,  manufacturing  and 
experimental  work,  are  not  obtainable  and  must  be  made  to 
meet  the  requirements. 

The  processes  of  making  tools  and  making  machine  parts  are 
similar,  but  greater  knowledge  and  accuracy  are  generally  re- 
quired in  making  tools  than  in  making  machine  parts. 

While  schedules  of  making  a  number  of  different  types  of  tools 
are  given  in  this  section,  a  large  number  of  tool-making  proc- 
esses may  be  found  in  other  sections  of  both  books  {Principles 
of  Machine  Work  and  Advanced  Machine  Work),  such  as  Hard- 
ening and  Tempering,  Accurate  Filing  and  Scraping,  Drilling, 
Internal,  Surface,  and  Cutter  Grinding,  Planing,  Grooving  and 
Fluting  Taps  and  Reamers,  and  Cutting  Teeth  In  Milling 
Cutters,  Heat  Treatment  of  Steel  and  Autogenous  Cutting. 

2.  Selecting  sizes  of  steel  for  tools. — As  the  surface  of  car'- 
bon-steel  bar  stock  is  decarbonized  to  some  extent,  and  will  not 
harden  properly,  select  annealed  carbon  steel  -i^^ "  to  i"  large  for 
tools  that  are  to  be  hardened,  and  high-speed  steel  ^"  to  J"  large. 
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MAKING  MANDREL 

3.  To  prepare  ^^^  standard  mandrel  blank  for  hardening, 
temperingi  and  grinding,  Fig.  1. 


Fio.  1.  —  ScHEDULB  Drawing. 

Specifications:  Material,  annealed  carbon  steel  I'  higs;  wdgh^ 
8  oz.    Hardness,  22  to  23  (scleroscope). 

For  heat  treatment  see  Principles  of  Machine  Work. 

True  live  center.    Set  dead. center  in  approximate  alinement. 

Machine  dry  or  use  lard  oil. 

High-speed  steel  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.— Oil 
lathes,  6  min.  —  Prepare  blank,  55  min.  —  Harden,  10  min.  — Polish 
and  color  temper,  25  min.  (or  oil  temper,  5  min.)  —  Lap  center  holes, 
8  min.  —  Clean  lathes,  5  min.  —  Total,  1  h.  54  min. 

SCHEDULE  OF  OPERATIONS,   MACHINES  AND  1X)0LS 


Operations. 


Center  to  A'*  (i)i  (»)•     See 
(A),  Fi«.  1. 


Rough  square  to  6i*-|"  A't 
(3),  (4). 


Recenter  to  A^  (1)»  (»). 
Finish  square  to  length,  (3), 


Machinxs,  Sp£SI>S, 
Feeds. 


Centering      machine. 
DriU     1000     RJ>.M., 

countersink        400 

R.P.M. 

Engine  lathe,  12^  to 
16'',  2d  or  3d  speed, 
or35F.P.M.  Hand 
feed. 

Speed  lathe,  2d  or  3d 
speeci. 

Engine  lathe,  3d  or 
4th  speed,  or  60 
F.P.M. 


^*  drill,  or  oombiM- 
tion  driU  and  coub- 
tersink,  60*.  Urd 
oil. 

Dog,  aide  tool,  or 
holder  and  cutter, 
30*  rake,  calipers, 
rule. 

Drill,  oounteninlc. 
lard  oil. 

Dog,  side  tool  or 
holder  and  cutter, 
30*  rake,  caKpen. 
rule. 
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Rou|^  turn  reduced  portions 

to    H'  +  A'  («).    W> 

one  or  two  cuts.  Do  not 
squAxe  shoulders  but  leave 
fillets  as  shown  to  avoid 
in  hardening. 


Recees  coimtersinks  to  ^''. 
Anele  20»,  (7),  (8).  See 
(B),  Pig.  1. 

Reoenter  to  ^',  (1),  (9). 

Finish  torn  reduced  portions, 
j[5),  (6),  one  cut. 


Smooth  torn  body  to  .BSO^. 
Turn  half  way,  reverse,  and 
turn  other  half,  (9),  one  or 
two  cuts. 


Round  comers,  (10),  (11). 


File  reduced  portions. 

Polish  reduced  portion,  also 
ends  and  recesBCs  except 
countersinks,  (ff),  (6).  See 
pp.  432-434. 

MUl  or  file  and  polish  flaU, 
(la),  (13). 


RtainpsiseA'<14). 


Stamp  name  or  initials  (15). 
CFOe  off  burr.) 


^  or  3d  speed,  or  30 
F.P.M.  Medium 
power  feed  —  80  to 
1*. 


3d  or  4th  speed,  or  60 

F.PJI. 
Speed  lathe,  2d  or  3d 

speed. 


Engine  lathe,  3d  or 
4th  speed,  or  60 
F.P.M.  Fine  power 
feed ->  140  to  l^ 


2d  or  3d  speed,  or  30 
F.P.M.  Fine 

power    feed  — 140 
to  1". 


Speed  lathe,  3d  or  4th 
speed,  or  200  F.P.M. 

3d  or  4th  speed,  or 
176  F.P.M. 

Speed   lathe,   highest 
speed. 


Milling  machine,  3d 
speed,  medium  pow- 
er feed. 


VJas. 


Copper  imder  set 
screw  of  dog,  dia- 
mond-point tool, 
or  holder  and  cut- 
ter, 30**  rake,  cali- 
pers, rule. 

Side  tool  or  drill  and 
special  countersink. 


Drill,  countersink. 

Copper  under  set 
screw  of  dog,  dia- 
mond-point tool,  or 
holder  and  cutter, 
30^  rake,  calipers, 
rule. 

Micrometer,  copper 
under  set  screw  of 
dog,  diamond-point 
tool,  or  holder  and 
cutter,  30°  rake, 
calipers,  rule. 

Graver  or  file. 


6'  or  8'  mill  bastard 
file. 

Lard  oil,  90  and  120 
emery  cloth,  pol- 
ishing stick. 

To  mill,  use  milling 
machine  viae,  par- 
allel piece,  I''  end 
mill,  rule,  lead  ham- 
mer, oil. 

To  file,  use  8'  or  10* 
hand  smooth  and  5" 
half-round,  2d  cut 
files. 

To  polish,  use  oil,  90 
and  120  emery 
cloth. 

1^'  steel  figures,  f^ 
chisel,  hammer, 
copper  jaws. 

Steel  name  stamp. 


1204 


ADVANCED  MACHINE  WORK 


Gas  fumaoe  or  forge, 
1325°  F.  to  1360»  F. 

Oil,  tempering  fumaoe, 
425**  F.  to  435*  F. 

Gas  furnace  or  forge. 


Tongs,   water,  deft> 
smooth  file. 


Red-hot 
tongs. 


iron  nop- 


Harden  in  water  (test  with  file) . 

See  p.  12l7  and  Prineiplet 

of  Machine  Work* 
Temper  in  oil,  or 
PoU^  reduced  portions  and 

ends  and  temper  to  dark 

straw. 
To  lap  center  holes,  see  p.  1228. 
To  grind,  see  p.  12Qfl. 

Important. — The  hardness  of  both  hardened  and  tempered  wwk 
should  be  tested  with  a  fine  file;  or,  preferably,  given  a  scleroecope  or 
Brinell  hardness  test.    See  Principles  of  Machine  Work, 

Attention.  —  The  hand  tools  may  be  carbon  steel. 

Note.  —  If  not  equipped  with  cylindricfid  grinding  machine, 
harden  and  temper  ends  only,  turn  body  slightly  taper  and  file 
to  fit  standard  hole. 

4.  Table  of  standard  mandrel  dimensions. 
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6.  To  grind  ^^"  standard  mandrel,  taper  .006''  to  1', 
two  dead  centers,  Figs.  3,  4. 


CHO 


Tipn^Mi"  TO  r       OF 


iiio  Jwir 


Fio.  4. — ScHEDULB  Drawing. 


Spedflcations:  Mandrel  blank,  carbon  steel  smooth  turned  ,^' 
diameter.  Stamped,  hardened  and  tempered.  Center  holes  (If), 
(17),  lapped. 

Machmes  and  tools:  Universal  grinding  machine. 

Grinding  wheel  12"  X  i",  No.  60,  Grade  K  or  L,  vitrified,  grindiDf 
dog.    Speed  of  wheel,  6000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed  \  width  of  wheel  per  revolution. 

Oil  bearings  and  two  dead  centers  with  machine  oil. 

Lubricant,  solution  of  sal  soda  and  water. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — Ol 
machine  and  true  wheel,  7  min.  —  Grind  mandrel  with  machine 
"  set  up,"  20  min.  —  Clean  grinder,  3  min.  —  Total,  35  min.  (*'  Se: 
up  "  machine  to  grind  correct  taper,  20  min.  extra.) 

SCHEDULE  OF  OPERATIONS 


L  Preparatory  Adjustments. 
True  wheel  (see  p.  709)  and  cen- 
ters (see  p.  710).  Set  zero  lines 
on  headstock  and  swivel  table  to 
grind  desired  taper  approximately. 
See  p.  712.  Arrange  water 
guards.  See  Fig.  10,  p.  715. 
Move  grinding  wheel  back  with 
hand  cross-feed  wheel  8,  to  allow 
space  to'  mount  work.  Mount 
mandrel  on  centers  with  grinding 
dog  on  stamped  end  and  with- 
out copper  under  screw.      Start 


grinding  wheel,  work  and  feed 
1, 2,  3,  and  adjiist  table  dogs  6, 7, 
to  obtain  length  of  strc^e  and 
avoid  wheel  striking  dog  or  foot- 
stock.  Set  automatic  cross  feed 
11, 12,  to  feed  .0005"  to  .001"  (2 
to  4  teeth  on  ratchet)  at  each  end 
of  stroke. 

n.  Grind  Trial  Diameter  (II). 
Fig.  4.  (Grind  out  tool  maris 
only.)  Move  grinding  wheel  to 
cut  revolving  work  lightly  vitii 
hand  cross-feed  wheel  8.    Tum 
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>n  water  and  throw  in  feed  pawl 
)  to  mesh  with  ratchet  wheel  10, 
md  allow  automatic  cross  feed 
k>  take  three  or  four  trial  cuts 
sirhole  length  of  work  to  grind 
out  tool  marks.  Then  throw  out 
pawl  9  and,  without  moving  cross 
feed  allow  wheel  to  pass  over 
work  several  times  until  cutting 
nearly  dies  out. 

Stop  wheel,  work  and  feed,  1, 
2,  3,  with  wheel  at  footstock 
end. 

in.  Correct  Taper  (18),  Fig. 
4.  Measure  work  at  two  places 
4"  apart  with  1"  micrometer,  and 
if  taper  is  not  .002''  in  4",  move 
swivel  table  (see  p.  712).  Take 
one  or  two  cuts  with  auto- 
matic cross  feed.  Measure,  and 
repeat  until  taper  is  correct.  If 
there  is  danger  thereby  of  grinding 
mandrel  too  small,  use  trial  piece 
same  length. 


IV.  Find  Amount  Oversize. 
Measure  small  end,  subtract  .562'' 
+  .002"  for  finishing  from  reading 
of  micrometer. 

For  example,  reading  of  mi- 
crometer may  be  .574",  then 
.574"  -  .564"  =  .010",  or  40 
teeth  for  rough  grinding. 


V.  Set  Automatic  Cross  Feed, 
Raise  perpendicular  latch  13,  in 
head  14,  throw  in  pawl  9  and 
without  moving  cross  feed,  move 
shield  15  to  right  or  left  until  end 
of  shield  and  pawl  are  40  teeth 
apart,  then  drop  latch  13  in 
ratchet  wheel  10. 

VL  Rough  Grind  (If),  .008" 
Large,  as  follows:  Start  wheel, 
work  and  feed,  1,  2,  3,  and  rough 
grind  automatically  until  shield 
15  lifts  pawl  9.  Then  lock  latch 
head  14  with  horizontal  latch  16. 
Throw  out  pawl  9  and  allow 
wheel  to  pass  over  work  several 
times  until  cutting  nearly  dies 
out.  Stop  work  with  wheel  at 
footstock  end  and  measure. 
From  reading  subtract  .562". 
(.564"  -  .562"  =  .002".) 

Vn.  Finish  Grind  (If),  Fig.  4, 
with  pinch  feed  (i/1000"  in  di- 
ameter of  work),  as  follows: 

Start  work.  Take  two  cuts 
J/1000"  each  (two  pinches  at 
each  end  of  work).  Stop  work 
and  measure  (.5635").  Take  one 
cut  i/1000"  (one  pinch  at  foot- 
stock end  of  work)  and  meas- 
ure, and  repeat  until  work  meas- 
ures .562". 

Lunit  .56200"  to  .56175". 

Clean  machine  with  waste. 


Attention,  —  Machine  steel  is  often  used  for  making  mandrels. 
To  prevent  the  center  holes  wearing  excessively,  the  ends  are  case- 
hardened  after  which  the  mandrel  may  be  ground  or  turned  and  filed 
to  size.  Large  mandrels  are  frequently  made  without  hardening.  To 
avoid  excessive  wear  at  the  center  holes,  the  ends  of  the  mandrel 
may  be  drilled  to  receive  hardened  plugs  which  contain  the  center 
holes. 
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6.  To  nuke  h"  X  13  U.  S.  S.  nut  mandrel.    See  Fig.  &■ 


1 


Fi<3.  6.  —  Schedule  Dkawimg. 


SpeciflcatioiiB:  Material,  machine  steel  •^"  to  i"  large;  wa^t, 
12  oz. 

Hardness,  15  to  18  (ecleroecope). 

High-speed  ateeJ,  or  steltite  cutting  tools. 

Time:  Study  drawing  and  scbedule  in  advance,  5  min.  — (H 
lathe,  4  min.  —  Make  mandrel  blank,  1  h.  13  min.  —  Case-harden  and 
polish,  10  min.  —  Clean  machine,  3  min.  —  Total,  1  h.  35  min. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOIS 


Opbritions. 

Machines,  oPEBns, 
FaBDS. 

Tools. 

ClntK. 

Sea  that  live  center  is  nearly 

Encine  lathe.  12"  to 

true  and  dead  aoDt«r  !a  ap- 

le". 

Ri.ti(h.qMf«A"long.(I).{«. 

3dor4thipMd.or60 

Dog,  holder  Md  cut- 

F.P.M.  Hand  feed. 

ter  35°  rak*  t»h- 
pera.  rule. 

Racentar. 

FlnlahaqureCi),  (1). 

Ron^  torn  A"  larBe,  <t),  one 
cut.    Turn  half  way,  reverse 

2d  or  3d  speed,  or  60 

Holder   MHl  cuiw 

F.P.M.       Medium 

3fi°  rake.  totl>"- 

a.od  turn  other  baU. 

power  (eed  —  80  to 

e»Upeia,nile. 
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torn  (S),  one  cut.  Turn 
half  'Way,  reverse  and  turn 
other  half. 

Draw  lines  (4),  (S),  for  length 
of  reduced  parts  (•),  (7). 

Rongh  and  finish  turn  (•) ,  one 
or  t'wo  cuts.  Do  not  square 
shoulder,  leave  fillet. 

Cut  groove  (8),  to  i"  diameter 
and  -within  ^"  of  line  (ft). 

Rough  and  finish  turn  (7), 
terxmnating  in  groove  (8), 
three  outs. 

Chamfer  end  to  30*^,  (f). 

File  (S),  (•),  and  round  corner 

(le). 

Thread    (7),    to    fit   i''  X  IS 
U.  S.  S.  nut. 


Rechamfer  end  (f). 

square  shoulder  (11), 


Mill  fiat  (19).  or 


TUe  flat,  (IS). 


Stamp  size  }"  X  13  U.  S.  S. 
and  on  opposite  side  stamp 
name. 

File  (8),  to  remove  burr  from 
stamping. 

Case-harden  (•),  (7)  and  dean. 
(Polish  (S)  optional.) 


3d  or  4th  speed,  or  70 
F.P.M.  Fine  power 
feed  —  140  to  1". 

Vise,  copper  jaws. 

Engine  lathe,  3d  or 
4th  speed,  or  70 
F.P.M.  Fine  power 
feed  —  140  to  1". 

1st  or  2d  speed,  or  30 
F.P.M.  Hand  feed. 


3d  or  4th  speed,  or  70 
F.P.M.  Fine  power 
feed  —  140  to  1". 

3d  speed,  or  70  F.P.M. 

4th  speed,  or  175 
F.P.M. 

Arrange  for  13 
threads.  1st  or  2d 
speed,  or  20  F.P.M. 


3d  speed,  or  70  F.P.M. 
Hand  feed. 

Milling  machine.  3d 
speed.  Medium 
power  feed. 

Vise,  copper  jaws. 


Vise,  copper  jaws. 


Hold  mandrel  in  hand 
or  vise. 

Gas  furnace  or  forge, 
1325°  F.  to  1350<»  F. 


( 


Chopper  sulphate, 
rule,  scriber. 

Copper,  holder  and 
cutter  35°  rake, 
calipers,  rule. 

j\"  round  end  groov- 
ing-tool,  calipers, 
rule,  oil. 


Center  gage. 

8"  or  10"  mill-bas- 
tard  file,  file  card. 

13  pitch  tJ.  S.  S. 
thread  (tool,  cen- 
ter gage,  thread 
calipers,  rule,  oil. 


Holder    and 
35**  rake. 


cutter 


1"  end  mill,  milling 
machine  centers  or 
vise,  oil. 

8"  or  10"  hand- 
smooth  and  6" 
half-round  2d-out 
files,  file  card. 

A"  and  i"  steel  fig- 
ures and  letters, 
hammer. 

8"  or  10"  hand- 
smooth  file,  file 
card. 

Tongs,  cyanide  of 
potassium  or  prus- 
siate  of  potash, 
water,  hand- 
smooth  file,  waste. 


Exception.  —  Finish  turn  and  file  (3)  may  be  omitted  and  ground 
after  case-hardening. 
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TESTING   LATHE   WORK  WITH  INDICATORS 

7.  Test  IndicatorSi  as  in  Figs.  6,  7,  are  used  to  determine 
the  degree  of  accuracy  of  machine  parts  by  enlai^ging  the  aror 
by  a  multiplying  mechanism  so  that  tvVv''  ^^  register  about 
^''  on  scale  or  dial  which  is  easily  read  and  fractions  thoieof 
readily  estimated. 

They  are  used  to  test  the  truth  and  alinement  of  machice 
parts  on  either  interior  or  exterior  work;  as,  the  truth  of  live 
centers,  the  alinement  of  dead  centers  to  turn  straight  or 
taper,  the  truth  of  mandrels  and  arbors,  to  set  finished  work 
in  chuck  by  hole  or  side,  to  set  jig  work  on  face  plate  of  lathe, 
to  test  eccentricity  of  shaft  in  straightening,  to  set  cathead 
on  shaft  to  turn  spot  for  steady  rest,  to  test  taper  hole  in 
lathe  or  other  spindles,  to  ahne  lathe  heads  in  machine  build- 
ing, to  aline  cross  rail  of  planer,  to  aline  work  on  planer  table 
to  test  the  accuracy  of  table  with  drill  spindle,  to  test  the 
truth  of  milling  machine  arbor,  to  aline  angle  plates  and 
vises  on  milling  and  planing  machines,  to  set  center  punch 
mark  on  work  true  to  axis  of  rotation  on  face  plate  of  lathe. 

Attention,  —  In  alining  and  setting  machine  tool  fixtures  for  vei7 
accurate  work,  such  as  fine  tool  and  jig  making,  the  vernier  height  gage 
and  the  universal  sine  bar  are  used.     See  pp.  1249,  126^1265. 

8.  Lathe  test  indicators.  —  Fig.  6  shows  an  indicator  testing 
the  truth  of  a  mandrel  mounted  on  lathe  centers.  Holder  A 
is  held  in  tool  post  B^  the  cross  sUde  is  moved  inward  until 
feeler  or  contact  point  C  touches  mandrel  D  as  it  is  being 
revolved  by  hand  and  the  pointer  indicates  on  the  scale  E  the 
amount,  if  any,  in  thousandths  of  an  inch  or  fraction  th^eof, 
that  the  mandrel  is  out  of  true.  Feeler  C  is  for  testing  man- 
drels, centers,  etc.,  and  is  removable. 

Feeler  F  is  for  testing  interior  or  exterior  work  and  repsters 
either  a  horizontal  or  perpendicular  movement.  Feeler  G  is 
broad  faced  and  is  used  for  testing  the  accuracy  of  a  shaft 
when  filing.  Feeler  H  is  for  small  work,  either  internal  or 
external,  and  for  narrow  spaces. 

See  Indicating  Gages,  p.  1329. 
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Important. — When  setting  the  indicator,  it  is  beet  to  move 
eeler  C  against  the  work  until  the  pointer  on  the  scale  is  at 
lero  (0). 


Fig.  7  shows  the  method  of  setting  a  center  punch  mark  on 
work  true  to  the  axis  of  rotation. 
The  work  is  clamped  lightly  to  the 
face  plate  in  an  approximate  posi- 
tion. Spring  plunger  A  is  in- 
serted in  centerpunch  mark  B  and 
mounted  on  dead  center  C.  The 
work  D  is  revolved  by  hand  and 
the  truth  of  the  plunger  is  tested 
with  the  indicator.  The  work  is 
adjusted  by  rapping  until  plunger 
A  is  motionless  when  the  work  ia 
revolved. 

fl.  Dial  tost  indicator. — Fig.  8 
shows  a  dial  test  indicator.  To 
enlarge  the  hole  in  gear  A  which  is  mounted  in  chuck  B, 


.0.  7.  —  SETnNo  A  Ckntbr 
PoNCB  Mark  Trdb  to  Axis 
or  Rotation  with  Latbb 
Indicator. 
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the  indicator  is  used  to  test  the  truth  of  hole  preparatory  to 
boring  and  reaming.  Holder  C  is  held  in  tool  post  D.  The 
long,  feed  is  moved  and  the 
lise  and  fall  rest  adjusted 
imtil  feeler  of  hole  attach- 
ment E  touches  wall  of  hole 
in  gear  A.  The  gear  is  re- 
volved by  hand  and  the 
pointer  on  dial  F  indicates 

the   axial    truth    of    gear.  ' 

The  gear  is  adjusted  in 
chuck  and  wall  of  hole 
tested  until  pointer  on  dial 
F  is  motionless  or  within  a 
reasonable  limit,  as  j^ 
of  an  inch  or  a  fraction 
thereof.  The  face  of  the 
gear  is  also  tested  by  using  f  ■'v        q     h       | 

indicator  without  attach-     Jjl       j|(.     X    □ 

mentB.  The  dial  is  divided     *  iJ<  ff^KlW    **    U       I 

into  100  spaces  of  one- 
thousandth  of  an  inch  each. 

Different  feelers,  as  at  G'  and  H,  are  for  various  classes  of 
work.     Clamp  /  is  to  fasten  indicator  to  lathe  and  planer  tools 
and  milling  machine  arbors. 

Fig.  9  shows  a  dial  test  indicator  com- 
paring the  throw  of  an  eccentric  shaft. 
The  diameter  of  shaft  must  be  the  same 
at  both  ends.    One  end  is  tested,  th^n 
'  shaft  19  reversed  and  second  end  tested. 
Slight  corrections  are  made  by  scrapii^ 
eccentric  center  holes,  one  of  which  is 
F^T.-COHP.^™  «l>o™»t^,  with  center  scraper.    SMp.  I 
THE  Throw  or  Both  631. 

Ends  of  an  Eccbn-       Attention.  —  To  test  side  of  gear,  re-  I 
TEic  Shaft  Blank  move  hole  attachment  £,  Fig.  8,  set  dial  i 

WITH    A     DiAt    TlOT  ^ .        ,  ,  .      J.        ,  J.         J. 

Indicator.  vertical  and  use  mdicator  direct. 
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10.  The  lathe  axis  indicator,  sbowa  at  A  in  Fig.  10,  is 
used  to  test  the  axial  truth  of  a  center  punch  marlc  on  work 
held  in  a  chuck  or  bolted  to  a  face  plate  such  as  the  engine 
crank  shaft  center  fixture  B,  which  is  laid  out  and  marked  at 
C  and  7>  to  be  drilled,  bored,  and  reamed  exactly  at  these 
points. 

The  fixture  is  bolted  to  the  face  plate  with  mark  C  approxi- 
mately central  and  counterbalance  E  opposite.  The  point  of 
indicating  needle  F,  which  is  pivoted  In  the  universal  joint  0,  is 
placed  in  center  mark  C. 


w 


As  the  lathe  is  rotated  by  hand,  the  needle  point  at  H  will 
revolve  in  a  circle,  exaggerating  the  error  at  C.  The  fixture  is 
moved  by  tapping  until  needle  point  H  remains  stationary, 
when  the  lathe  is  rotated. 

This  indicator  may  be  used  to  locate  holes  as  well  as  center 
marks  by  first  tightening  nut  K,  which  converts  the  universal 
into  a  single  joint  with  a  vertical  movement,  and  then  placing 
spherical  head  L  upon  point  C,  and  using  it  against  the  upper 
wall  of  the  hole.  In  this  way  the  fixture  may  be  used  also 
to  test  the  truth  of  a  live  center  or  a  shaft  turning  on  centers. 
Attention.  —  Paper  is  sometimes  placed  between  the  face 
plate  and  smooth  work  to  prevent  the  work  slipping. 
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THREAD  MICROMETER  CALIPERS 


FiQ.  U.  —  Mbasdbimg  wtTB  Thbead  Micbohbtcb. 

11.  Thread  micrometer  caliper,  Fig.  11,  is  uaed  to  meas- 
ure U.  S.  S.  and  V  thread  screws,  t&ps,  thread  gages,  etc.,  as   ' 
tap  B.    Spindle  C  and  anvil  D  are  relieved  at  points  so  that 
contact  is  only  on  sides  of  thread  and  measures  diameter  of 
screw  thread  independently  of  outside  diameter  of  thread. 

12.  I>rinciple  of  thread  micrometer.  —  When  spindle  is  in 
contact  with  anvil,  reading  is  zero;  when  opened  and  applied 
to  screw,  it  measures  pitch  diameter  of  screw  thread  E  M 
shown  by  lines  FF'  and  GG'.  For  a  standard  screw,  readini 
for  E  is  nominal  diameter  of  screw  minus  single  depth  of 
thread. 

13.  To  find  depth  of  thread  and  reading  for  micrometer. 
—  Divide  constant  by  number  of  threads  to  1"  and  subtract 
quotient  from  nominal  diameter  of  tap.  Remunder  is  reftd- 
ing  for  micrometer. 

See  Thread  Measuring  Wires,  p.  1431. 
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Oonstant  for  single  depth  of  U.  S.  S.  thread,  .6495;  V  thread 
See  Example  and  Solution^  Fig.  11.  Spindle  C  is 
suited  to  a  wide  range  of  pitches  but  anvil  D  is  limited,  differ- 
ent anvils  being  substituted  for  each  range  of  pitches. 

14.  Tables  of  thread  micrometer  readings  for  U.  S.  S.  and 
V  tlireads. 


U.  &  STANDARD  THREADS. 

• 

y  THREADS. 

Calipbr 

Caupxb 

£>XAM. 

Pitch. 

Rbaoino 
OB  Pitch 

DiAM. 

Thbhad, 

DXFTH. 

DiAM. 

Pitch. 

Rbadino 
OR  Pitch 

DiAlC. 

Thbkad, 
Dbpth. 

b 

P 

D--^ 

.6495 

D 

P 

D     •••• 

.see 

p 

P 

p 

P 

t 

24 

.1604 

.0270 

A 

24 

.1514 

.0360 

20 

.2176 

.0324 

24 

.2139 

.0361 

t 

18 

.2765 

.0360 

} 

20 

.2067 

.0433 

16 

.3344 

.0406 

A 

20 

.2692 

.0433 

(• 

14 

.3911 

.0464 

t 

18 

.2644 

.0481 

13 

.4601 

.0499 

18 

.3269 

.0481 

A 

12 

.5084 

.0541 

i 

16 

.3209 

.0541 

' 

11 

.566 

.0590 

i' 

16 

.3834 

.0541 

■ 

10 

.6851 

.0649 

ft 

14 

.3756 

.0619 

9 

.8029 

.0721 

1 

14 

.4381 

.0619 

8 

.9188 

.0812 

1 

13 

.4334 

.0666 

1 

7 

1.0322 

.0928 

12 

.4278 

.0722 

*  • 

7 

1 . 1572 

.0928* 

ft 

14 

.5006 

.0619 

6 

1.2668 

.1082 

ft 

12 

.4903 

.0722 

6 

1.3918 

.1082 

11 

.5463 

.0787 

* 

Si 

1.607 

.1180 

10 

.5384 

.0866 

6 

1.6201 

.1299 

• 

10 

.6009 

.0866 

^    1 

5 

1.7451 

.1299 

10 

.6634 

.0866 

2 

4i 

1.8657 

.1443 

i: 

9 

.7788 

.0962 

2i 

4 

2.3376 

.1624 

1 

8 

.8918 

.1082 

3 

3i 

2.8145 

.1855 

H 

8 

1.0168 

.1082 

3i 

8i 

3.3002 

.1998 

11 

7 

1.1263 

.1237 

4 

3 

3.7836 

.2165 

ij 

6 

1.3557 

-.1443 

MAKING  TAPS 

16.  The  thread  on  taps  must  be  smooth.  —  A  st)ring 
threading  tool  holder  and  cutter,  or  a  forged  tool,  may  be 
used  as  at  A,  Fig.  12. 

If  a  solid  spring  holder  is  used,  as  at  A,  Fig.  12,  the  top  face 
D  of  the  cutter  E  must  not  be  set  above  the  top  of  holder  C. 


1216  ADVANCED  MACHINE  WORK 

The  cutter  may  be  removed  by  releasing  nut  F,  then  ground 
and  replaced  without  disturbing  holder  and  it  will  resume  it: 
cut.  Ail  tape  to  be  milled  with  a  thread  miller,  see  pp.  104)>. 
and  fine  thread  taps  of  20-'pitch  or  finer,  to  be  threaded  in  a 
lathe,  as  in  6,  Fig.  12,  may  be  tapered  and  grooved  beforr 
threading.  This  eliminates  the  burr  that  grooving  after  threa:!- 
ing  forces  between  the  threads  which  is  difficult  to  remove, 
espedally  from  fine  threads. 


A  Pio.  12.  B 

THREAOtNa  Tap  Before  TBREADtKO  Fike  Tbsead  Tap 

Tapering  and  Groovino.  After  Tapering  and  GaooTiKa.    | 

Taps   often   contract   in    length   in    hardening.     For   ven' 
accurate  work  they  may  be  threaded  oversize  and  tapped  to  size 
with  a  disk  charged  with  emery  and  oil  driven  from  a  drum 
countershaft. 
For  relieving  or  backing  off  titps,  see  pp.  1276-1280. 
Warning.  —  Avoid  deep  center  holes,  large  counteranks  and 
square  comers,  which  might  cause  a  tap  or  other  tool  to  crack   . 
in  hardening.  I 

16.  Outside  and  inside  D.  S.  S.  thread  gages,  Fig.  13.   . 
for  standardising  taps  and  dies.  —  They 
are  hardened,  then  thread  is  ground  by  a 
method   which   leaves   pitch,   angles   and 
size  correct.     Plug  A  is  the  standard  lo 
which  the  outside  gage  is  adjusted.    The 
top  of  the  thread  is  truncated,  according 
Fig.  13.  — Standard  to  the  U.S.  standard;  the  bottom  is  left 
Thread  Gages.       ^^^^  (^  ^^^  clearance.      Fart  B  is  the 
standard  root  diameter  of  thread. 

To  test  lead  of  thread,  see  Thread  Lead  Indicators  and 
Testing  Machines,  p.  1427. 


STRAIGHTENING  HARDENED  AND  TEMPERED  TOOLS    12l7 
17.    To  Btraigbten  hardened  and  tempered  tools,  Fig.  14. 


Fio.  14.  —  STUAloRTENiNa  Hardkmed  and  Teufebid  Wore. 


SCHEDULE  OF  OPERATIONS 


Ti^,  reamers,  drills,  mandrela, 
gages,  and  work  Oi  that  class, 
often  spring  in  hardening  and 
tempering  and  have  tobestraight- 
ened. 

Example.  —  Mount  hardened 
and  tempered  reamer  A  on  cen- 
ters fl,  B"  of  straightening  press  C. 
Rotate  with  fingers,  test  with 
chaik,  and  note  eccentricity. 

Place  reamer  on  supports  D,  t/ 
with  eccentric  side  up,  and  heat 
at  most  eccentric  part  E  with 
blowpipe  P. 

Apply  pressure  with  screw  G 
operated  by  handle  H  to  force 


reamer  straight  or  slightly  beyond 
straight  aa  it  may  spring  back 
some,  then  cool  under  tension 
with  water  from  cup  J  or  wet 
waste.  Ag^n  test  on  centers,  and 
repeat  process  if  needed  until 
reamer  is  true  within  grinding 
limit. 

Caution.  —  To  avoid  drawing 
the  temper  while  heating,  test 
temperature  occasionally  by  touch- 
ing reamer  with  soft  solder  K. 
(Soft  solder  melU  at  370=  F.)  If 
the  solder  melts  readily,  cool  with 
water,  for  the  temperature  must 
not  exceed  430°  F. 


Attention.  —  Large  lots  of  tools  of  the  above  classes  may  be  straight- 
ened rapidly  by  beating  in  an  oil-tempering  gas  furnace  to  a  tempera- 
ture from  350°  to  400°  F.  This  temperature  is  not  high  enough  to 
draw  the  temper,  but  is  high  enough  to  permit  the  work  to  be  easily 
and  safely  straightened  in  :l  press. 
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ADVANCED  MACHINE  WORK 


18.  To  make  i"  X  10  United  States  Standard  tap,  Fig.  15. 


Fig.  15.  —  Schsdulb  Dbawing. 


Spedficfttions:  Material,  annealed  carbon  steel  ^f^"  to  i"  large; 
weight,  12  oz.    Hardness,  20  to  25  (scleroscope). 

For  heat  treatment  see  Principles  of  Machine  Work. 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — Oil 
machines,  10  min.  —  Prepare  blank,  1  h.  12  min.  — Thread  and  turn 
taper,  38  min.  —  Mill  grooves  (with  nmchine  "  set  up  ")»  ^ie  clearance, 
stamp  and  polish,  48  min.  —  Harden,  10  min.  —  Polish  and  ccHot 
temper,  27  min.  (or  oil  temper  and  polish,  15  min.)  —  Clean  machines, 
10  min.  — Total,  3  h.  40  min. 

SCHEDULE  OF  OPERATIONS.   MACHINES  AND  TOOLS 


Operations. 

Machines,  Speeds, 
Feeds. 

TOOLB. 

Center. 

See  that  live  center  is  nearly 
true  and  dead  center  in  ap- 
proximate alinement. 

Rough  square  (1),  (t).. 

Recenter. 

Fiaish  square,  (t),  (1). 

Rough  turn  to  .755"  +  .016", 
(S),  one  or  two  cuts.     Turn 
half  way,  reverse  and  turn 
other  half. 

Engine  lathe,  12"  to 
16". 

3d  or  4th  speed,  or  40 
F.P.M.  Hand  feed. 

2d  or  3d  speed,  or  40 
F.P.M.       Medium 
power  feed  —  80  to 
1". 

Dog,  holder  nnd  cut- 
ter 30°  rake»  cali- 
pers, rule. 

Holder    and    cutter 
30°  rake.    1"  mi- 
crometer. 

Mill  square  (4),  see  p.  1028. 

Rough  turn  to  .576"  +  .016". 
{$),  two  cuts. 

Note.  —  If  a  milling  machine  is  not  avsH- 
able,  rough  and  finish  turn  shank  (i).  Sit 
(•),  and  polish  (7),  index  (4),  see  p.  u«. 

File  square  (4).    Use  vise,  copp«r  jm«s»  8 
or  !•"  hand-smooth  file. 

True    live    center.     Set    dead 
center  in  accurate  alinement. 

Finish  turn  to  .576"  +  .003", 
(•),  one  cut. 

3d  speed,  or  60  F.P.M. 
Fine  power  feed  — 
140  to  1". 
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File  and  poUih  (7)  to  hmit. 


Finish  torn  to  .755"  +  .003'', 
file  to  limit  (8). 


Thrend  (f )  to  thread  microm- 
eter nie  .686"  to  .685". 
Take  eight  cuts  .005"  each, 
four  cuts  .004"  each,  three 
cuts,  .002"  each,  two  cuts 
.001"  each,  one  cut  .0005", 
c]ean,oil,  test  and  repeat  cuts 
of  .0005"  until  thread  meas- 
ures within  limit,  or  fits  gage. 
Single  depth  of  thread  .067". 

Turn  taper  on  tap  If}"  to  1' 

Set  oTor  footstock  A">  o'  use 

taper  attachment. 
Turn  taper  to  bottom  of  thread 

at  end  (!•),  four  cuts. 

Mill  grooTes  (11).  See  pp. 
1031-1088.  Mill  grooves  be- 
yond thread  |". 

File  off  burr  produced  by  mill- 
ing. 

Heat  tap  to  blue,  or  coat  with 
copper  sulphate. 

File  clearance  of  i^  to  1^  on  top 
of  taper  threads  onl]^<lX). 
See    Relieving    or    Backing 
Off  Taps,  pp.  1876-1280. 

Stamp  size  and  name  on  shank. 


Harden  in  water.  See  Princi^ 
pies  of  Machine  Work, 

Temper  in  oil  (or  poUsh  and 
temper  to  straw  color). 

Test  hardness  with  sderoscope, 

or  dead-smooth  file. 
Polish  shank  and  grooves  after 

oil  tempering,  or  before  color 

tempering. 


Speed  lathe,   highest 
speed. 


Engine  lathe,  3d  or 
4th  speed,  or  60 
F.P.M.  Fine  power 
feed  —  140  to  1". 


Arrange  for  10  threads. 
Ist    speed,    or    25 
F.P.M. 


3d  speed,  or  60  F.P.M. 
Fine  power  feed  — 
140  to  1". 


Vise,  copper  jaws. 

Blow  pipe  or  gas  fur- 
nace. 
Vise,  copper  jaws. 


Gas  furnace  or  forge 
1325*»  F.  to  1350°  F. 

Oil-tempering  fur- 
nace, 425®  F.  to 
435**  F. 


Speed  lathe,  highest 
speed.  Vise,  cop- 
per jaws. 


8"  or  10"  mill-bas- 
tard file,  60  and  90 
emery  cloth,  pol- 
ishing clamps,  V 
micrometer,  oil. 

Clamp  dog,  holder 
and  cutter  30° 
rake,  8"  or  10"' 
mill-bastazd  file, 
1"  micrometer. 

10  pitch  U.  S.  S. 
spring-thread  tool 
and  gage,  center 
gage,  thread  mi- 
crometer (see  pp. 
1214-1210),  oil. 


Rule,  dividers. 

Holder  and  cutter 
30°  rake. 

No.  5  double  angle 
tap-grooving  cut- 
ter, oil. 

2d  cut  three-square 
file.     . 

Tongs. 

6"  to  8"  pillar  file 
No.  3,  or  smooth 

cut. 

Hammer,  -^"  and 
^"  steel  figures, 
and  letters. 

Tongs,  water. 

(Red-hot  ring  or  col- 
lar). 


90  emery  cloth,  pol- 
ishing clamps,  oil, 
5"  half-round  file. 


InformaHon, — Threads  of  taps  are  often  given  "body  clearance" 
by  setting  the  lathe  to  thread  about  .001"  to  1"  smaller  at  the  shank. 

AUentitm. — Grooves  of  taps  may  be  ground  after  hardening  and 
tempering,  to  remove  scale  and  sharpen  teeth.    See  p.  825. 
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ADVANCED  MACHINE  WORK 


19.  To  make  l^''  X  5»  Square  thread  tap»  Fig.  16. 


FlG.  16.  —  Schedule  Drawing. 

Specifications:    Material,  annealed  carbon  steel   ^"  to  I"  Large; 
weight,  4  lbs.  8  oz.     Hardness,  20  to  25  (scleroscope). 
High-speed  steel,  or  stellite  cutting  tools. 
Time:    10  h. 


SCHEDULE  OP  OPERATIONS,  MACHINES  AND  TOOLS 


Operationb. 


Center. 

See  that  live  center  is  neariy 
true  and  deafl  center  in  ap- 
proximate alinement. 

Rough  square  (l),  (X). 


Recenter. 

Finish  square  to  length  (X),  (l). 

Rough  turn  to  1.260"  -f  .015", 


Rough  turn  to  1.040"  +  .015", 

(i),  one  or  two  cuts. 
True  live  center.      Set  dead 

center  in  accurate  alinement. 
Finish  .turn  to  1.040"  +  .003", 

(10 «  one  cut. 

FUe  and  poUsh  (•),  1.040"  to 
1.038". 

MiU  square  (7).     See  p.  1028. 
Finish  turn  to  1.260"  +  004", 
(8). 


FOe  0«),  1.260"  to  1.262". 


Maghineb,  Speeds, 
Feeds. 


Engine  lathe,  12"  to 
16". 

2d  or  3d  speed,  or  40 
F.P.M.    Hand  feed. 


Ist  or  2d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 


3d  speed,  or  60  F.P.  M. 

Fine  power  feed  — 

140  to  1". 
Speed  lathe,    highest 

speeQ. 


Engine  lathe,  3d 
speed  or  60  F.P.M. 
Fine  power  feed  — 
140  to  1". 

4th  speed. 


Tooi^ 


Dog,  holder  and  cut- 
ter 30"*  rake,  cab- 
pers,  rule. 


Holder  and  cutter 
30'  rake,  2"  mi- 
crometer. 


8"  or  10"  min  bas- 
tard file,  60  and  9U 
emery  doth,  pol- 
ishing damps,  oil. 

Clamp  dog,  holder 
and  cutter  30' 
rake,  2"  micrcHn- 
eter. 

8"  or  10"  mill  bas- 
tard 6]e. 


MAKING  SQUARE  THREAD  TAP 
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Hoagh  thread  to  1.040"  + 
.010",  (f),  twenty-one  cuts 
.005"  each.  Depth  of 
thread  .105". 

Set  fiiiiahing  tool  to  cut  on  both 
sides  of  groove,  (f). 


Pinieli  thread  to  1.040",  (!•). 
twenty  cuta  .005"  each,  two 
cuts  .002"  each,  six  cuts 
.0005"   each.  Depth   of 

thread  .110". 

Tom  taper  on  tap  1^"  to  1', 

(11). 

Set  OTer  footatock  }",  or  use 
taper  attachment. 

Turn  taper  to  bottom  of  thread 
at  end  (11),  three  or  four 
cuts. 

Mill  srooTes  (IX).  Lower  in- 
dex head  spindle  one-third 
degree  below  horisontal  to 
produce  taper  lands.  See 
pp.  1031-1033. 


File  off  burr. 


Heat  tap  to  a  bine. 

File  clearance  on  top  of  taper 

threads  only,  (IS). 
FOe    clearance    on    sides    of 

threads. 


Stamp  size  and  name  on  shank. 


Harden  in  water. 

Temper  in  oU  (or  polish  and 

temper  to  straw  color). 
Test  hardness  with  scleroecope, 

or  dead-emooth  file. 
Polish  shank  and  grooves  after 

oil  tempering,  or  before  color 

tempering. 


Arrange  for  5  threads. 
Ist  speed,  or  25 
F.P.M. 


Ist     speed, 
F.P.M. 


or     25 


2d  or  3d  speed,  or  60 
F.P.M.  Fine  power 
feed  —  140  to  1". 

Universal  or  plain 
milling  machine. 
1st  speed  or  50 
F.P.M.  Medium 
power  feed  —  .007" 
per  cutter  revolu- 
tion. 

Vise,  copper  jaws. 


Blow  pipe  or  gas  fur- 
nace. 
Vise,  copper  jaws. 


Vise,  copper  jaws. 


Gas  furnace  or  forge, 
1325°  F.  to  1350°  F. 

Oil-tempering  furnace , 
425°  F.  to  435°  F. 


Speed  lathe,  highest 
speed.  Vise,  copper 
jaws. 


Square  thread  rough- 
ing tool^  width 
.090",  or  holder 
and  cutter,'  thin 
calipers,  rule,  oil. 

Square  thread  fin- 
ishing tool,  width 
.099",  or  holder 
and  cutter. 

Thin  calipers,  rule, 
oil. 


Rule,  dividers. 

Holder  and  cutter 
30°  rake. 

No.  6  tap  grooving 
cutter,  index  cen- 
ters, rule,  oil. 


8"  or  10"  hand- 
smooth  file,  6" 
warding  file. 

Tongs. 

8"     or     10"     hand 

smooth  file. 
6"  warding  file  with 

teeth   ground    off 

one  side  and  one 

edge. 
Hammer,    ^"    and 

i"     steel     figures 

and  letters. 
Tongs,  water. 

(Red-hot  ring  or  col- 
lar.) 


90  emery  cloth,  pol- 
ishing clamps,  oil, 
5"  half-round  file. 


AttenUon.  — The  set  over  for  taper  is  correct  for  this  length  of  ti^ 
only. 
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ADVANCED  MACHINE  WORK 


20.  To  make  1}''  X  5»  29^  tttread  tap,  Fig.  17. 


Fio.  17.  —  ScHBDULE  Drawing. 

Spedflcatioiis:  Material,  annealed  carbon  steel  iV  to  i"  Itfg?; 
weight,  5  lbs.    Hardness,  20  to  25  (scleroscope). 
High-speed  steel,  or  stellite  cutting  tools. 
Time:  10  h. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opbbations. 


Center. 

See  that  liTe  center  is  nearly 
true  and  dead  center  in  ap- 
proximate alinement. 

Rough  tqnare,  (1),  (X). 


Recenter. 

Finish  square  to  length,  (X),  (l). 

Rough  turn  to  1.270"  +  .016", 


Rough  turn  to  1.048"  +  .016", 
(4),  one  or  two  cuts. 

True  live  center.  Set  dead 
center  in  accurate  aline- 
ment. 

Finish  turn  to  1.048"  -f-  .003". 
(5),  one  cut. 

File  and  poUsh,  (•),  1.048"  to 
1.046". 

Mill  square,  (7).    See  p.  lOsa. 
Finish  turn  to  1.270"  +  .004". 

(8). 


FUe,  (8).  1.270"  to  1.272". 


Machinbs,  Spbbdb, 
Fbbds. 


Engine  lathe,  12"  to 
16". 

2d  or  3d  speed,  or  40 
F.P.M.   Hand  feed. 


Ist  or  2d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 


3d  speed,  or  60  F.P.M. 

Rne  power  feed  — 

140  to  1". 
Speed  lathe,  highest 

speeci. 

Engine      lathe,      3d 
speed,  or  60  F.P.M. 
Fine  power  feed  — 
140  to  1". 
]  4th  speed. 


TooiA 


Dog,  holder  and  cut- 
ter 30^  rake,  cali- 
pers, rule. 


Holder  and  cutter 
30*  rake.  2"  mi- 
orometer. 


8"  or  10"  miU-bsfr 
tard  file.  60  and  90 
emery  doth,  pol- 
ishing clamps,  ofl. 

Clamp  dog,  holder 
and  cutter  3(f 
rake.  2"  microm- 
eter. 

8"  or  10"  mill-bM- 
tard  file. 


MAKING  29°  THREAD  TAP 
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Konsb  and  finish  turn  and  file 
leader  1.048"  to  1.046".  (f). 


Kottch  thread  to  1.030"  + 
.010".  (10).  twenty-three 
cuts  .O05"  each.  Depth  of 
thread  .116". 

Set  finishitts  tool  to  cut  on  both 
aides  of  grooTe,  (!•). 

Fmisli  thread  to  dze,  (11), 
twenty-one  cuts  .005"  each, 
t^ro  cute  .002"  each,  two  cuts 
.001"  each,  one  cut  .0005", 
clean*  oil,  and  measure  and 
repeat  cuts  of  .0005"  until 
thread  fits  gage.  Depth  of 
thread  .120". 
Tarn  taper  1^"  to  1'.  (It). 
Set  oTer  footstock  }}",  or  use 

taper  attachment. 
Turn    taper    to    diameter    of 
leader  (IS) ,  three  or  four  cuts. 

Mill  grooTet»  (IS).  Lower  in- 
dex head  spindle  one-third 
of  a  degree  below  horiiontat 
to  produce  taper  lands.  See 
pp.  1031-1083. 


File  off  burr. 


Heat  tap  to  a  blue. 

File  clearance  on  top  of  taper 

threads  only,  (14). 
FUe    clearance    on    aides    of 

threads. 


Stamp  size  and  name  on  shank. 


Harden  in  irater. 

Temper  in  oil  (or  pob'sh  and 
temper  to  straw  color). 

Test  hardness  with  sderosoope 

or  dead-smooth  file. 
Polish  shank  and  grooves  after 

oil  tempering  or  before  color 

tempering. 


2d,  3d  and  4th  speeds. 
Medium  and  fine 
power  feeds. 

Arrange  for  5  threads. 
1st  speed,  or  25 
F.P.M. 


1st     speed,     or     20 
F.P.M. 


2d  or  3d  speed,  or  60 
F.P.M.  Fine  power 
feed  —  140  to  1". 

Universal  or  plain 
milling  machine. 
1st  speed,  or  50 
F.P.M.  Medium 
power  feed  —  .007" 
per  cutter  revolu- 
tion. 

Vise,  copper  jaws. 


Blow  pipe  or  gas  forge. 
Vise,  copper  jaws. 


Vise,  copper  jaws. 


Gas  furnace  or  forge, 
1325**  F.  to  1350°  F. 

Oil-tempering  fur- 
nace, 426°  F.  to 
435°  F. 


Speed  lathe,  highest 
speed.  Vise,  cop- 
per jaws. 


Holder  and  cutter 
30°  rake,  8"  or  10" 
mill-bastard  file, 
2"  micrometer. 

Square  thread  rough- 
ing tool  width 
.060",  or  holder 
and  cutter,  thin 
calipers,  rule,  oil. 

29°  thread  tool,  20<* 
thread  tool  gage. 

29°  thread  microm- 
eter or  gage,  oil. 


Rule,  dividers. 

Holder  and  cutter 
30°  rake. 

No.  6  tap  grooving 
cutter,  oil,  index 
centers,  rule. 


8"    or     10"     hand- 


6 


// 


smooth     file, 

warding  file. 
Tongs. 
8"     or     10"     hand 

smooth  file. 
6"  warding  file  with 

teeth    ground    off 

one  side  and  one 

edge. 
Hammer,  -j^f"  and  J" 

steel    figures    and 

letters. 
Tongs,  water. 

(Red-hot  ring  or  col- 
lar.) 


90  emery  cloth,  pol- 
ishing clamps,  oil. 


Attenium.  —  The  set  over  for  the  taper  is  correct  for  this  length  of 
tap  only. 
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MAKING  PLAIN  MILLING  CUTTER 
31.  To  make  2^"  X  j"  plain  milling  cutter,  18  teeBi,  Kg.  IS. 


Fia.  : 


-ScHBDULB  Dhawino. 


Spedflutions:    Material,  annealed  carboti  or  high-speed  sted  diA 
^"  large;  w^ght,  14  oz.     Hardness,  20  to  25  (scleroscope). 

High-«peed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  niin.  —  Oil 
machines,  12  mln.  -^  Chuck  and  jig  ream,  26  min.  —  Tunt,  face,  ssJ 
cut  grooves,  51  mln.  —  Mill  teeth  with  machine  "  set  up  "  and  stamp. 
52  min.  —  Harden,  10  min.  —  Lap,  25  min.  —  Polish  and  color  temper. 
15  min.  (or  oil  temper  and  polish,  7  min.)  —  Grind  teeth  twice  arounii 
with  machine  "  set  up,"  6  min.  —  Clean  machines,  1 1  min.  —  Total 
3  h.  33  mm. 
SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


M 

Opbiutionb. 

FlKDS. 

Tools. 

Chip  or  me  Bt«m  off  side  of  diak. 

Set  dead  center  in  approiimaW 

Eogine  lathe.   12"  to 

nliuemcnl. 

16". 

Hounl  diik  in  chuck,  iniootb 

1st  or  2d  speed  or  130 

■Ida  out;  true  up  anil  drill 

R.P.M.    Hand  feed. 

verael   ehuok  ffiK 

hcde  (I)  W- 

tering    tod,    (i" 

See  Chucking,  pp.  40S-412. 

twist  driU  Bid 
holder,  oil. 

Borehole  («(("■    SeeBoring, 

lat  or  2d  speed  or  40 

Boring  tool  30°  nk 

pp.  B04-B06 

F.P.M.       Medium 

caliper*  rule.  d. 

Power  ream.    See  Exception,' 

Power  feed  — 80  to 

Fluted     dHlfkiM 

1325. 

1". 

reamer  .005' 
amaU.  oil. 

MAKING  PLAIN  MILLING  CUTTER 
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Jig  ream*  see  pp.  415,  416. 

Hand     reaming     jig, 

r'  spiral  hand  ream- 

vise. 

er,  reamer  wrench, 
oil. 

Cttt  grooye  (1).   See  Attention,  f 

1st  or  2d  speed. 

i"  grooving  tool, 
rule.  oil. 

Oil  numdrel  and  press  into  hole. 

Mandrel  press. 

1"  mandrel,  oil. 

Rough  turn  diameter  to  2i"  + 

Ist  speed,  or  50  F.P.M. 

Holder  and  cutter  30° 

.015"  (t),  two  or  more  cuts. 

Medium   power   feed 

rake,  oil,   3"  mi- 

— 80  to  1". 

crometer. 

Rough   square  sides  to  V  + 

1st  or  2d  speed  or  50 

Holder    and    cutter 

.010".  (4).  (»).     See  p.  1226. 

F.P.M.       Medium 

30°  rake.   1"  mi- 

Fig. 19. 

power  feed. 

crometer,  oil. 

Square  an  equal  amount  from 

each  side. 

Finish   square  sides  to  V  + 

2d  or  3d  speed,  or  150 

Holder,     high-speed 

.00025".  (4).  (5).  see  p.  1226. 

F.P.M.  Fine  power 

steel      or      stellite 

Fig.  20.     See  Exception^ 

or  Hand  feed. 

cutter  30°  rake,  1" 
micrometer. 

Cut  grooves  .020"  deep,   (•). 

1st  or  2d  speed,  or  40 

Forming  tool,  depth 

(7). 

F.P.M.    Hand  feed. 

gage,  rule,  oil. 

Cut  kesrway  (8).     See  pp.  926. 

Keyway  cutter,  planer 

Hub    keyway    tool. 

927.  936.  937. 

or  shaper.  vise. 

rule.  oil. 

Mill  teeth  (f).     See  pp.  1036, 

1037. 

Remove  burr  from  sides. 

Engine      lathe.      2d 

8"  or  10"  mill  bas- 

speed. 

tard  file. 

Stamp  size  at  (10).  and  name  in 

Lead     block.  ^  sheet 

A"    and    i"    steel 

same    groove    diametrically 

copper     or  "  thick 

figures  and  letters, 

opposite. 

paper  on  anvil. 

hammer. 

Harden  in  water. 

Gas  furnace  or  forge 
1326°  F.  to  1350**  F. 

Tongs,  water. 

Temper  in  oil  (or  polish  and 

Oil-tempering  furnace 

(Red-hot  shaft.) 

temper  to  straw  color). 

425°  F.  to  435°  F. 

Test  hardness  with  scleroscope, 

or  dead-smooth  file. 

Lap  hole  to  sise.     See  pp.  1230. 

Speed  lathe.  3d  or  4th 

1231. 

speed. 

Polish  sides  (4),  (i)  slightly. 

1"  mandrel,  flour 
emery  cloth, 
polishing  stick. 

Grind  teeth  for  clearance  7®. 

(14).  see  pp.  814,  8l5.  diam- 

eter of  cutter  not  important. 

See  Nole.t 

*  Exception.  —  If  convenient  to  use  a  grinding  machine  to  grind  hole  and 
sideSi  the  cutter  blank  may  be  prepared  a.s  follows: 

EMI,  bore,  and  power  ream  .()05"  small.  Press  on  special  mandrel, 
loii^  square  i"  -h  .010"  4,  5.  Cut  grooves  6^  1  .025"  deep.  Cut  groove 
t.  Mill  teeth  9,  stamp  size  19.  Harden  and  temper,  (jrind  hole  1  to 
me  -h  .001"  to  .0015".  See  pp.  728,  729.  Grind  sides  4,  5  to  dimensions. 
See  method  on  p.  827. 

t  Attention.  —  Some  prefer  to  defer  grooving  (2)  until  the  sides  are 
squared  when  the  hleaik  may  be  placed  in  a  universal  chuck  and  the  groove 
cut  central. 

t  Note.  —  Diamet^  of  cutter  is  important  only  when  used  in  gangs. 
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22.  To  rough  face  large  work  in  steel,  as  milling  cntts 
diak  B,  Fig.  19.  —  Uae  holder  and  high-speed  steel  cutter  i. 
Grind  point  of  cutter  as  at  (7  for  clearance  and  rake.  Use 
oil  and  feed  by  power  or  h&nd  in  direction  of  arrow  D. 

To  finish  CiiCe,  use  high-speed  steel  cutter  A  or  aide  tool, 
Fig.  20.  Grind  point  of  tool  about  ^"  flat  as  at  C  with  clear- 
ance as  at  C,  and  aet  paiallel  to  cut  or  to  drag  slightly.  Take 
light  cuts  (.0005'  to  .0020").  without  oil,  in  direction  of 
arrow  D.  Use  very  fine  power  or  hand  feed,  and  same  epeed 
as  for  filing,  —  3d  or  4th  speed  for  2|"  disk. 


MAiONG  HAND  REAMER 

23.  To  make  band  reamer,  Fig.  21. 


Fio.  21.  — ScHBDULS  Dbawimq. 


MAKING  HAND  REAMER 
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SpeciflcatiQiis:  Material,  annealed  carbon  steel  i^"  to  i"  large; 
v-eight,  1  Lb.  14  oz.    Hardness,  20  to  25  (scleroscope). 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  3  h.  40  min.  which  includes  15  min.  for  milling  head  square 
md  50  min.  for  milling  flutes. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opsrations. 


k^  enter. 

Fine  live  center.  Set  dead 
center  in  approximate  aline- 
ment. 

Etough  squire  (1),  (S). 


Etecenter. 

Finish  sqiure  (t),  (1). 

Rough  torn  to  I.OIO"'  (8).  (SO. 
one  or  two  cute.  Turn  half 
way  (S),  reverse  and  turn 
other  half  (S'). 

Draw  lines  for  length  of  flutes 
(4),  square  end  (5),  and 
shank  (•). 

Roagh  and  finish  turn  reduced 
part  ( 7) .  Leave  fillets  at  be- 
ginning and  end  of  cut. 

Pne  reduced  part  (7). 

MiU  square  to  \'\  (8).  See 
p.  1028.  File  slight  bevel  on 
edges  of  squared  end  to  re- 
move burr. 

Stamp  size  and  name  on  shank 

Mill  flutes  (f).    See  pp.  1034- 

1036. 
Harden  in  water. 

Temper  in  oil  (or  polish  and 
temper  to  straw  color). 

Test  hardness  with  scleroscope, 

or  dead-smooth  file. 
Lap  center  holes  (1),  (!S).    See 

p.  1828. 
Grind     shsnk    to    sise    (IS). 

Grind  fluted  part,  cylindri- 

cally,  to  1.0004",  (11). 


Machines,  Spbbos, 
Feeds. 


Engine  lathe,  12"  to 
16". 

2d  or  3d  speed,  or  40 
F.P.M.  Hand  feed. 


1st  or  2d  speed,  or  40 
F.P.M.       Medium 

-  power  feed  —  80  to 
1". 

Vise,  copper  jaws. 


Engine  lathe,  1st  or 
2d  speed,  or  40 
F.P.M.  Fine  power 
feed  — 140  to  1". 
4th  speed,  or  175 
F.P.M. 


Vise,  copper  jaws. 


Gas  furnace  or  forge, 
1325"  F.  to  1350°  F. 

Oil-tempering  fur- 
nace, 425**  F,  to 
435°  F. 


Speed   lathe,   highest 

speed. 
Universal        grinding 

machine. 


Tools. 


Holder  and  cutter 
30°  rake,  calipers, 
rule. 


Holder  and  cutter 
30°  rake,  1"  mi- 
crometer. 

Copper  sulphate, 
rule,  scriber. 

Calipers,  rule. 


5"  half-round  2d-cut 
file. 


i"  steel  figures  end 
letters,  hammer. 


Tongs,  water:    • 

(Red-hot  ring  or  col- 
lar.) 


Copper  lai),\  flour 
emery,  oil. 

Dog,  grinding  wheel 
No.  60  K  or  L, 
vitrified.  1"  mi- 
crometer. 
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Gilnd  daarance  4°  on  teeth  lo 
a  outtins  edge  (IS).  Ele- 
vate ceatar  of  wheel  spindle 
■fjg"  above  oentera.  See 
pp.  811, 812. 

Grind  1°  taper  ftnd  4°  cleannce 
on  end  (U).  MeanmmBat 
at  end  .986"  to  .965."  GHnd 
bevel  oQ  end  of  teeth  to  45' 
with  7°  clearanoe  and  ^" 

OU  ttooe  reainei  (IS).  See 
pp.  821. 822. 


Cutter  Krinder,  tooth 


Viae,  copper  je 


Informaium.  —  If  the  reamer  springs  in  hardening  and  temiMriii& 
an  amount  in  excess  of  that  allowed  for  grinding,  it  should  be  ok- 
fully  straightened  before  grinding.    See  p.  12 17. 

AUeniitm.  — As  grooving  the  first  reamer  is  largely  experimental,  tbe 
.  student  should  prepare  a  machine-steel  trial  blank  and  uae  it  to  abuit 
aetUng  of  cutt^  for  milling  flutes,  and  also  to  become  familiar  vill 
the  process  of  irregular  spacing. 

LAPPING 

24.  Lapping  may  be  called  refined  grinding  as  it  is  o^ 
for  the  final  finishing  of  hardened  and  unbardened  vorii 
where  smooth  and  accurate  work  is  required. 

A  lap  of  lead,  cast  iron,  copper  or  brass  is  made  the  deaiei 
shape  and  chained  with  emery  and  oil,  the  lathe  revolved  ati 
high  speed  and  the  work  passed  back  and  forth  over  lap,  0 
inside  of  lap. 

26.  To  make  Up  for  center  holes.  —Place  short  piece  of 

Iroundcopperral 
in  drill  chuck  1^ 
speed  or  hand 
lathe,  and  tun 
with  graver  to 
60°.  Test  with' 
center  gage,  bdJ' 
file  smooth. 
26.  TolapuD- 

ter  holes  tntui'^' 

Pia.  22.  —  Lapping  Center  Holis.  j         _   i 

ened    ga^  "' 

Fig.  22.  —  Shift  belt  to  highest  speed.    Wipe  center  holes  cleai^ 


LAPPING  STANDAED  PLUG  GAGE 
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Start  lathe.  With  the  finger,  spread  on  lap  B  a  little  of  mixture 
if  120  grain  emery  and  machine  oil  from  box  C.  Mount  work 
^n  dead  center,  with  left  hand  slowly  revolve  work  in  oppo- 
site direction  to  revolution  of  tathe,  and  with  right  hand 
operating  f  ootstock  handle,  advance  and  recede  work  slightly 
to  avoid  cutting  grooves  in  work.  Wipe  center  hole  and 
examine.  Continue  until  center  hole  is  clean  and  smooth. 
Repeat  in  opposite  center  hole. 
27.  To  lap  standard  plug  gage.  Fig.  23. 


Fio.  I 


-  LApnNO  Standard  Plco  Gaqe. 


Specifications:  Standard  plug  gage  ground  to  1.0004". 

Machines  and  tools:  Sf^ed  or  hand  lathe,  1"  castr-iron 
outside  lap,  flour  of  emery,  measuring  machine  or  standard 
gage  and  ten-thousandth  micrometer.     Lubricant,  machine  oil. 

'nme:  Study  Fig.  23  and  schedule,  5  min.  —  Oil  lathe,  2  mm. — 
lap  and  measure  gage,  50  min.  —  Clean  lathe,  Smio. — Total,  I  h. 


^^       SCHEDULE  OF 

Oil  hand  Uthe  and  shift  belt 
to  lughest  speed. 

Place  dog  on  gage  A  with  cop- 
pCT  under  set  screw. 

With  the  fingers  spread  a  little 
machine  oil  and  flour  of  emery  on 
gage  A. 

Adjust  cast-iron  lap  B  to  run- 
ning fit  on  gage  with  screws  CC. 

Mount  freely  on  centera.  Start 
t&the,  and  move  lap  back  and 
forth  as  shown  by  arrows. 

First  lap  gage  strai^t,  then 
1^  to  aze.    Wipe  clean   with 


OPERATIONS 


wa^te,  cool  in  water  and  measure. 

To  measure  gage,  use  measuring 
machine,  Fig,  29,  or  ten-thous- 
andth micrometer  D  and  1 "  stand- 
ard reference  gage  E. 

When  within  1/10,000"  of  di- 
ameter wipe  lap  and  gage  clean, 
oil  gage  and  lap  with  machine 
oil;  adjust  lap  closely  and  finish 
lapping  without  adding  more 
emery,  and  a  good  finish  will  be 
obtained. 

Limit  1 ,0000" -1- or  - 1 /50,000". 

Clean  lathe  with  waste. 
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Attention,  —  Gages  are  standardized  at  62°  F.,  therefore, 
heat  produced  by  lapping,  and  heat  of  hands,  will  interfere 
with  true  size  of  gage.  This  is  overcome  by  cooling  in  water 
or  by  leaving  near  measuring  machine  over  night  before  taking 
final  measurement. 

Note.  —  For  fine  finish  and  for  detecting  soft  spots  on  gage 
(defective  hardening),  use  lead-lined  lap. 

28.  To  make  lead  lap  for  ring  gages,  Fig.  24.  — Make 
lead  lap  A  by  tmming  a  taper  of  5"  to  1'  on  piece  of  steel  mt 

cast  iron,  as  mandrel  B.  Then 
mill  groove  C  entire  length.  >f't 
mandrel  central  in  iron  or  wot>«l 
mold  and  pour  in  molten  lead. 
Turn  to  size.  When  lap  weai^. 
force  mandrel  into  lead  and  turn 

to  size, 
29.  To  lap  r' standard  ring  gage 

(hole  .9996").  —  Fasten  dog.  Vha^ 
ring  gage  D  on  lap  and  mount  freely 
on  centers.     Spread  a  httle  of  mix- 
ture of  flour  emery  and  machine  <'.: 
on  lap  and  run  lathe  at  high  spet^i. 
Move  gage  slowly  back  and  forth  on  lap  and  rotate  slowly 
backward  as  indicated  by  arrows.     To  test,  wipe  hole  clear, 
and  test  with  two  plug  gages  —  one  small  and  the  other 
standard. 

When  within  1/10000"  of  diameter,  wipe  lap  and  gago 
clean,  apply  machine  oil  to  both  and  continue  lapping  to  size 
and  to  obtain  fine  finish.     Limit  1.0000"+  or  -  1/50000". 

Information.  —  As  lapping  has  a  tendency  to  make  a  Ik)I^ 
larger  at  ends,  a  projection  or  lip  is  sometimes  left  on  each 
end  of  gage  which  is  ground  off  after  lapping. 

30.  To  lap  hole  in  milling  cutter  A,  Fig.  25.  —  Make  Up 
B  by  turning  and  filing  piece  of  cast  iron  to  fit  hole  in  cutter. 
Fasten  dog  and  place  cutter  on  lap,  then  mount  loosely  on 
centers.  Spread  mixture  of  120  grain  emery  and  machine 
oil  from  box  C  on  lap. 


Fig.  24.  —  Lapping  Hole  in 
1"  Standard  Ring  Gage. 


LAPPING  HOLES  1231 

Kotate  cutter  slowly  in  opposite  direction  of  revolution  of 
lathe  and  at  same  time  press  hard  with  thumbs  and  move 
cutter  slowly 
back  and  forth 
as  indicated  by 
arrows.  Wipe 
hole  in  cutter, 
clean  and  test 
with  plug  gage 
D  or  with  inside 
micrometer  E. 
Repeat  until 
gage  fits  hole 

,  •''        .  Fia.  25.  —  LAPpis<i  Hole  IX  Milling  Cutter. 

Attention. — 

Holes  in  milling  cutters  shrink  in  hardening.     In  manufac- 
turing cutters  in  large  lots,  the  holes  are  usually  ground. 

Warning.—hy  plac- 
ing cutter  on  lap  with 
teeth  toward  back  of 
lathe,  injury  to  bands 
may  be  avoided. 

31.  Lapping  boles 

in  machine  parts. 

Commercial    lapping, 

A,    A,'    Fig.    26.— 

Holes   in    machine 

parts  are  often  lapped 

to   correct   errors   of 

under  size,  roughness, 

roundnes.s,  taper,  etc. 

Make    lap    £    as  in 

detail.  Turn  and  bore 

C  and  striker  Z).   Saw 

three  slots  in  C  also  copper  tube  E.     Grip  C  in  chuck  and 

run  lathe  at  high  speed.     Charge  lap  with  120  grain  emerj' 

and  machine  oil  from  box  F  and  lap  hole  to  size  by  passing 
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work  back  and  forth  on  lap.  Test  work  with  limit  gag^ 
G,  H.  When  lap  wears,  expand  by  striking  D'  light  blow 
with  babbitt  block  K. 

.MAKING  PLUG  GAGE 

82.  To  prepare  standard  plug-gage  blank  for  grindmg» 
Fig.  27. 


Fig.  27.  —  Schedule  Drawing. 


Spedflcations:  Material,  annealed  carbon  steel  i"  large;  wdght, 
1  lb.  8  oz.    Hardness,  20  to  25  (acleroscope). 

For  heat  treatment  see  Principles  of  Machine  Work. 

High-speed  steel,  or  stellite  cutting  tools. 

Time:  Study  drawing  and  schedule  in  advance,  5  min. — Oil 
lathe,  4  min.  —  Prepare  gage  blank,  1  h.  10  min.  —  Harden,  20  min, 

—  Lap  center  holes  and  polish,  10  min.  —  Clean  machines,  6  min. 

—  Total,  1  h.  55  min. 

SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Opbrations. 


Center  to  ^,"  (1),  («). 

See  that  live  center  is  nearly 
true  and  dead  center  in  ap- 
proximate alinement. 

Rough  square  ^"  long  (1),  (3). 


Recenter  to  ^". 

Rough  turn  whole  length  to 

IA"»  (•)»  ^^^  cut.       Turn 
\&[t  way,  reverse  and  turn 
other  half. 
Draw  line  (4),  1}''  from  gage 
end. 


Machines,  Spbbdb, 
Feeds. 


Engine  lathe,  12'^  to 
16". 

2d  or  3d  speed,  or  40 
F.P.M. 


1st  or  2d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

Vise,  copper  jaws. 


Tools. 


Dog,  holder  and  cut- 
ter 30°  rake,  cali- 
\      pers,  rule. 

Holder  and  cuittr 
30**  rake,  copper, 
calipers,  rule. 

Copper  sulphate, 
rule,  scriher. 
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Rough  and  finish  turn  handle 
CA),  two  cuts. 


If  ttxl  (•).     See  p.  636. 


True  Uto  center. 
RecMiter  A",  (7).  (8). 


Finish  square  to  length  6'',  (1) , 

Rongh  and  finish  tnm  reduced 
part  (9),  two  or  three  cuts. 

FUe  (•). 

Ronnd  (19). 

Tnm  gage  part  (11),  1.020", 
one  or  two  cuts.- 

Polish  ends  (1),  (S),  and  re- 
duoed  part  (9). 

File  flats  on  opposite  aides  (19), 

(19).  or 
Mm  flats  (19),  (19). 


Stamp  size  and  name  (19),  (19). 
Harden  gage.  See  InfcTmaHon, 


To  lap  center  holes,  see  p.  1828. 
C^ean  and  polish  ends  (1),  (9), 

reduced  part  (9),  and  fiats 

(19),  (19). 
To  grind,  see  p.  1234. 


2d  or  3d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

2d  speed,  or  40  F.P.M. 
Medium  power  feed 
—  80  to  1". 

Speed  lathe,  3d  speed, 
or  400  R.P.M. 

Engine  lathe,  3d  or 
4th  speed,  or  60 
F.P.M.  Hand  feed. 

3d  speed,  or  40  F.P.M. 
Fine  power  feed  — 
140  to  1". 

4th  speed,  or  175 
F.P.M. 


3d  speed,  or  60  F.P.M. 

Medium  power  feed 

—  80  to  1". 
S];>eed  lathe,   highest 

speed. 

Vise,  copper  jaws. 

Milling  machine,  3d 
speed.  Medium 
power  feed. 


Vise,  copper  jaws. 

Gas  furnace,  or  forge, 
1326«»  F.  to  1360«»  F. 


Medium   nurling 
tool,  oiL 


Drill  chuck,  combi- 
nation drill  and 
countersink. 


7"     or     8"     pUlar- 

smooth  file. 
8"  or  10"  mill-bas- 

tard  file. 
2"  micrometer. 


90  and  120  emery 
cloth,  thin  polish- 
ing stick,  oil. 

7"or8"piUar-smooth 
file. 

f"  milling  cutter, 
milling  machine 
vise  or  |"  end 
mill,  index  head 
with  centers,  rule. 

\"  steel  figures  and 
letters,  hammer. 

Tongs,  water,  sperm 
oil,  hand-smooth 
file. 


Information.  —  To  make  a  plug  gage  glass  hard  and  the  handle 
jet  blacky  heat  gage  to  a  bright  red  and  dip  endwise  (gage  part  only) 
in  water  and  move  about  for  eight  seconds.  Time  may  be  estimated 
by  counting  as  follows:  one-thou-zan-<m€,  one-thou-zan-^o,  one-thou* 
zan-^ee,  one-thou-zan-/<wr,  one-thou-zan-jit;c,  one-thou-zan-six,  one- 
thou-zan-^even,  one-thou-zan-et^^.  Then  plimge  whole  gage  into  oil 
and  move  about  until  cold. 
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33.  To  grind  standard  plug  gage  on  two  dead  centeis,! 

Fig.  28.  T 


GRIND 
SMOOTH      «<3 


h09M^ 


..^ 


Fig.  28.  —  Schedule  Drawing. 

Specifications:  Plug  gage  blank,  carbon  steel  turned  1.(320"  diam- 
eter, stamped,  hardened  and  handle  black. 

Center  holes,  (14),  (15),  lapped. 

Machines  and  tools:  Universal  grinding  machine. 

Measuring  machine  or  2"  ten-thousandth  micrometer. 

Grinding  wheel  12"  X  1",  No.  80  K^  vitrified,  grinding  dog. 

Speed  of  wheel,  5000  F.P.M.    Speed  of  work,  50  F.P.M. 

Feed  J  width  of  wheel  per  revolution. 

Oil  bearings  and  two  dead  centers  with  machine  oil. 

Lubricant,  solution  of  sal  soda  and  water. 

Time:  Study  drawing  and  schedule  in  advance,  5  min.  —  OO 
machine  and  true  wheel,  7  min.  —  Grind  gage,  25  min.  with  machice 
"set  up."  —  Clean  machine,  3  min.  —  Total,  40  min.  ("Set  up' 
machine  to  grind  straight,  25  min.  extra.) 

SCHEDULE  OF  OPERATIONS 


I.  Preparatory  Adjustments. 
True  wheel  (see  p.  709)  and  cen- 
ters (see  p.  710).  Set  zero  lines 
on  headstock  and  swivel  table  to 
grind  approximately  straight.  See 
p.  712.  Arrange  water  guards. 
See  p.  715.  Move  grinding 
wheel  back  with  hand  cross-feed 
wheel  8  to  allow  space  to  mount 
work.  Use  grinding  dog  with 
copper  under  set  screw.  Mount 
work  on  centers.  Start  grinding 
wheel,  work  and  feed,  1,  2,  3,  and 
adjust  dogs  6,  7,  to  length  of 
stroke.  Set  automatic  feed  11, 
12,  to  feed  .0005"  to  .001"  (2  to  4 
teeth)  at  each  end  of  stroke. 

U.   Grind  Trial   Diameter  (16), 


Fig.  28.  (Grind  out  tool  marb 
only.)  Move  grinding  wheel  to 
cut  revolving  work  lightly  with 
hand  cross-feed  wheel  8.  Turn 
on  water  and  throw  in  feed  pawl 
9  to  mesh  with  ratchet  wheel  10 
and  allow  automatic  cross  feed 
to  take  four  or  five  trial  cuts 
whole  length  of  work  to  grind 
out  tool  marks.  Then  throw 
out  pawl  9  and  without  moving 
cross  feed,  allow  wheel  to  pass 
over  work  several  times  until 
cutting  nearly  dies  out. 

Stop  wheel,  work  and  feed,  1, 2» 
3,  with  wheel  at  footstock  end. 

ni.  Correct  Straightness.  Meas- 
ure work  at  both  ends  with  2" 


GRINDING  PLUG  GAGE 


1235 


Daicrometer  or  measuring  machinej 
iee  pp.  12S6-1238,  and  if  not 
straight,  move  swive]  table  (see 
p.  7 12).  Take  one  or  two  cuts 
with  automatic  cross  feed. 
Measure  and  repeat  \mtil  machine 
grinds  straight.  If  there  is  danger 
thereby  of  grinding  gage  too 
small,  use  trial  piece  same 
length. 

IV.  Find  Amount  Oversize. 
Measure  work  with  2"  microm- 
eter. Subtract  rough  diameter  of 
work  1 .0040"  from  reading  of  mi- 
crometer. For  example,  reading 
of  micrometer  may  be  1.0140", 
then  1.0140"  -  1.0040"  =  .0100" 
or  40  teeth  for  rough  grinding. 

V.  Set  Automatic  Cross  Feed. 
Raise  perpendicular  latch  13  in 
head  14,  throw  in  pawl  9  and 
without  moving  cross  feed,  move 
shield  15  to  right  or  left  until  end 
of  shield  and  pawl  are  40  teeth 
apart,  then  drop  latch  13  in 
ratchet  wheel  10.    See  p.  7l5. 

VL  Rough  Grind  (16),  .0040'' 
Large,  Fig.  28,  as  follows:  Start 
wheel,  work  and  feed,  1,  2,  3,  and 
rough  grind  automatically  until 
shield  15  lifts  pawl  9.  Then 
lock  latch  head  14  with  horizontal 
latch  16,  throw  out  pawl  9  and 
allow  wheel  to  pass  over  work 
several  times  until  cutting  nearly 
dies  out.    Stop  work  with  wheel 


at  footstock  end  and  measure. 
For  example,  work  may  measure 
1.004". 

Vn.  Finish  Grind  (17),  Fig. 
28,  with  pinch  feed  (i/1000"  in 
diameter  of  work),  as  follows: 
Start  work.  Take  two  cuts 
i/1000"  each  (two  pinches  at 
each  end  of  work).  Stop  wheel, 
work  and  feed,  1,  2,  3,  and 
measure  gage.  It  may  measure 
1.0030".  Also  measure  gage  at 
both  ends  for  etraightness  with 
micrometer,  or  take  gage  out  of 
machine  and  measure  with  meas- 
uring machine,  pp.  1236-1238. 
Start  wheel  work  and  feed  and 
pinch  twice  at  footstock  end. 
Measure  =  1.0025".  Pinch  twice 
and  let  wheel  pass  over  work  sev- 
eral times.  Measure  =  1.0020". 
Pinch  twice  and  let  wheel  pass 
over  work  several  times  and  meas- 
ure (1.0015").  Pinch  twice  and 
let  wheel  pass  over  work  several 
times  and  measure  (1 .0010") .  As 
there  is  some  vibration  in  machine, 
it  is  best  to  grind  to  size  as  fol- 
lows: Take  one  cut  and  measure 
1 .0007".  Then  let  wheel  pass  over 
work  without  moving  cross  feed 
and  it  may  measure  1.0004".  If 
still  large,  again  let  wheel  pass 
over  work  without  moving  cross 
feed.  Limit  1.0004"  to  1.0003". 
Clean  machine  with  waste. 


Attention.  —  A  gage  hardened,  ground  and  lapped  without  season- 
ing may  shrink  about  one-twenty-thousandth  of  an  inch  in  six  months. 
To  season  properly  a  gage  should  be  hardened,  then  laid  away  from 
six  months  to  a  year  to  relieve  internal  stresses,  and  allowed  to  shrink; 
but  if  gage  must  be  finished  at  once,  heat  to  about  400°  F.  after  hard- 
ening and  cool  in  water.    Do  this  three  times. 

Nate.  —  Gages  are  often  made  as  follows:  Rough  ground  to  1.004", 
seasoned,  then  finished  ground  to  1.0004"  and  lapped  to  size. 


\ 
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MEASURING  MACHIl^ 

34.  Twenty-f our-inch  standard  measuring  machine,  Fig.  29. 
This  instrument  is  for  originating  standard  gages  and  for  oth& 
measurements  of  precision. 

The  bed  is  supported  on  three  points,  with  V  ways  for  the 
sliding  and  fixed  heads;  the  spindles  are  provided  with 
measuring  faces. 

36.  The  sliding  head  carries  the  spindle  Precision  Screw, 
linear  scale  and  graduated  index  wheel.  The  Precision  Sere^ 
on  some  machines  has  50  threads  per  inch,  on  others  25  threads. 

36.  For  Precision  Screw  with  60  threads  the  turns  of  index 
wheel  are  indicated  on  linear  scale  graduated  into  50  divisions 
to  the  inch;  each  20/1000"  =  .020".  The  fractional  pan 
of  a  turn  is  indicated  by  graduations  on  index  wheel  which 
has  400  divisions,  each  1/20,000". 

37.  For  Precision  Screw  with  26  threads  the  turns  of  index 
wheel  are  indicated  on  linear  scale  graduated  into  25  divisions 
to  the  inch;  each  40/1000"  =  .040".  The  fractional  part  of  a 
turn  is  indicated  by  graduations  on  index  wheel  which  has  4O0 
divisions,  each  1/10,000". 

By  estimation,  a  division  may  be  subdivided  to  indicate 
one-half,  one-quarter  or  one-fifth  of  a  division.  Variation 
within  a  limit  of  1/100,000"  may  be  determined. 

Fixed  head.  — In  the  fixed  head  is  a  sliding  spindle  kept  in 
place  by  a  helical  spring.  This  spindle  carries  one  of  the 
auxiliary  jaws  while  the  other  jaw  is  fastened  to  the  head. 

Contact  indicators.  — To  indicate  when  contact  is  made  be- 
tween measuring  faces  and  work,  a  small  cylindrical  gage  is 
placed  between  the  auxiliary  jaws  in  a  horizontal  position. 
When  measurement  is  obtained,  gage  drops  to  a  vertical 
position. 

In  Fig.  29  the  auxiliary  jaws  are  connected  with  an  elec- 
trical buzzer  which  announces  contact  of  work  and  measuring 
faces. 

To  clean  machine.  —  With  a  soft  woolen  cloth  wipe  oil  an^ 
dirt  from  finished  parts,  and  other  parts  with  waste.  Ben- 
zine may  be  used  to  clean  plugs  in  reference  bar,  followed  by 
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>ro8ene  to  prevent  rusting.  To  remove  dust  from  polished 
irfaces  of  graduated  plugs  use  a  c&mers-hair  brush.  The 
nses  are  cleaned  with  alcohol  and  chamois  skin.  When 
tting  and  measuring  clean  measuring  faces  with  paper. 
38.  To  measure  standard  plug  gage  with  24"  standard 
measuring  machine.    Precision  Screw,  60  threads  to  1",  Fig. 


Fig.  29.  —  Meabokino  |"  Standard  Plug  Gage. 

SCHEDULE  OF  OPERATIONS 

Oil  slides  and  bearings  with  Adjust  pointer  £,  graduated  in- 

nmchine  oil  and  Precision  Screw  dex  wheel  C,  nearly  to  lero  and 

vith  porpoise  oil.  slide   head   D   until    measuring 

To  s«t  at  »ro.  faces  E,  F,  are  nearly  in  contact. 

Clean    measuring    faces    with  Clamp  fine  adjuatment  O,  throw 

paper.  in  switch  H  which  operates  buzzer 

Run  screw  to  zero  on  linear  K,  and  adjust  sliding  head  with 

walfljl,  Kg.  29.  screw  L  (not  shown),  until  buazer 
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shows  tendency  to  stop.  Clamp 
sliding  head  with  lever  M  and 
adjust  index  wheel  until  buzzer 
stops,  then  set  pointer  at  zero  on 
graduated  index  wheel. 

Clean  gage  N  and  place  it  be- 
tween cleaned  measuring  faces  of 
machine. 

Throw  in  switch  and  adjust 
index  wheel  until  buzzer  stops. 
Count  whole  number  of  divisions 
on  linear  scale  and  multiply  by 
.020"  then  add  divisions  on  in- 
dex wheel  multiplied  by  1/20000" 
or  .00005"  and  the  result  will  be 
the  size. 


u- 


For  example:  There  are  37 
visions  on  the  scale  which  giv- 
37  X  .020"  =  .740".  Then  v  • 
read  201  divisions  on  index  whm ' 
which  give  201  X  1  /20000".  2iil 
X  .00005"  =  .01005";  adding  we 
have  .740"  +  .01005"  =  .75005". 
or  .750" +1/20000". 

Attention.  —  A  variation  of  im.- 
perature  of  1°  in  a  1"  gage  vA 
change  its  size  about  1/100000  '. 

For  example:  Holding  a  1" 
gage  a  few  minutes  in  the  hard 
may  increase  its  temperature  10" 
and  its  size  1/10000". 


39.  To  test  62"  end-measuring  rod  with  24''  standard 
measuring  machine.  Precision  Screw,  26  threads  to  1", 
Fig.  29. 

SCHEDULE  OF  OPERATIONS 


Adjust  machine  as  for  one  inch. 
Raise  cover  from  standard  bar  P 
attached  to  back  of  machine  and 
clean  plug  T  with  benzine. 

To  focus,  lower  microscope  Q 
to  stop  collar,  and  clamp. 

Adjust  hair  line  in  eyepiece  R 
to  coincide  with  hair  line  on  hard- 
ened steel  plug  S. 

Unclamp  sliding  head  and  move 
to  fifth  plug  T  without  disturbing 
eyepiece.  Clamp  fine  adjust- 
ment G  and  adjust  sliding  head 
with  screw  L  until  hair  line  in  eye- 
piece coincides  with  hair  line  on 
bar.    Clamp  head  with  lever  M. 

Place  end-measuring  rod  be- 
tween measuring  faces  and  read 
as  follows:  To  the  reading  on 
standard  bar  (5")  add  the  follow- 
ing:    Count    number    of    whole 


divisions  on  linear  scale  (12  di^  .- 
sions)  and  multiply  by  .040  . 
Count  divisions  on  index  wht^! 
(200  divisions)  and  multiply  h\ 
1/10000"  or  .0001"  and  result 
will  be  the  length. 

Example,  —  5"  -h  (12  X  .040" 
=  .480''+(200x.000l")=  .aiOu '. 
Adding  we  have  5"  +  .480^' i- 
.0200"  =  5.500". 

Attention.  —  Two  supports  are 
provided  for  long  work,  as  at  I'. 

Information,  —  English  ma- 
chines are  standard  at  62*'  F.  au'l 
metric  machines  at  0°C.  For 
practical  work,  it  is  not  necessan* 
to  use  these  machines  at  thc^' 
temperatures  as  variations  cauiso^i 
by  heat  or  cold  affect  machine 
and  work  alike. 
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SPIRAL  MILLING 

40.  Spirals  are  used  on  twist  drills,  milling  cutters  and 

crounterboreS)  and  in  machine  construction  for  spiral  gears, 

oanis,  etc.    To  cut  a  spiral,  the  work  requires  rotative  and  longi- 

t;udinal  motion  at  the  same  time  and  also  to  be  set  at  an  angle 

to  cutter. 

41.  To  find  angle  to  set  saddle  for  cutting  spirals  either 
graphically,    by    simple 
calculation,    or    approx- 
imately from  spiral  line 
drawn  upon  work: 

Graphically.  —  Draw 
a  right  triangle,  ABC,  to 
scale,  Fig.  30.  Draw  AB 
equal  to  the  lead,  AC  sX 
right  angle  to  AB,  equal 
to  circumference;  connect 
CB.  The  angle  ABC  or  X  is  the  required  angle.  Measure 
angle  with  protractor. 

Example. — Twist  drill  1"  in  diameter,  6"  lead,  to  find  angle. 

Solution.  — AB  =  lead  =  6",  AC  =  circumference  =  3.1416; 
coimect  CB  and  measure;  required  angle  X  =  27^°. 

By  calculation.  —  Divide  the  circumference  by  the  lead  for 
the  tangent.  In  table  of  tangents  find  the  angle  that  corre- 
sponds to  tangent. 

Example.  —  Twist  drill  1"  in  diameter,  6"  lead,  to  find  angle. 

3.1416 


LCAO 


Fig.  30.  —  Angle  Diagram  for  Twist 

Drill. 


Solution.  —  Tan  X  =IX 


6 


=  .5236.     In  table  of  tan- 


gents .5236  corresponds  to  27°  38'  or  27i°,  the  required  angle. 

Approximately.  —  Raise  the  knee  until  cutter  touches  work 
and  with  hand  feed  trace  a  light  line  upon  the  work,  with  the 
table  set  straight,  and  the  machine  geared  for  the  spiral.  Then 
swing  table  until  spiral  line  is  parallel  to  cutter. 

Important,  —  As  cutting  the  first  tooth  in  a  spiral  mill  or  grooving 
the  first  drill  is  largely  experimental,  the  student  should  prepare  a 
machine-steel  trial  blank  and  use  it  to  obtain  correct  setting  of 
cutter. 
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Atiention.  —  For  right  spirals,  swivel  the  table  to  the  right 
and  for  left  spirals,  swivel  to  the  lefty  and  use  an  extra  inter> 
mediate  gear. 

42.  To  calculate  compound  gears  used  in  cutting  spiral. 

Example.  —  1"  twist  drill;  6"  lead,  worm  gear  in  dividing 
head  40  teeth,  lead  screw  4  P.,  lead  of  machine  equals  y-  =  10". 

Solution.  -       A  =  1^, 

3      24  _  72  _    gear  on  worm  G 


2      24       48       1st  gear  on  stud  H ' 

?  X  —  =  —  =  ^d  gear  on  stud  J 
5      20      100       gear  on  screw  K 

When  there  is  a  fraction  in  the  lead  as  in  the  case  of  spiral 
gears,  as  8.333": 

gi      25      5 
SoltUion.  —  8.333"  =  ta  =  oK  =  «  aod  proceed  as  above. 

lU        o\j       O 

Information.  —  If  the  fraction  will  not  simplify  easily,  ap- 
proximate the  lead  as  follows:  Exact  lead  2.517";  approximate. 
2.514."  This  is  allowable  for  leads  of  cutters,  drills  and  coun- 
terbores.  For  mechanical  motions,  as  spiral  gears,  change  the 
diameter  rather  than  lead. 

43.  To  obtain  lead  for  spiral  milling  cutter,  given  diameter 
and  angle.  — 

„         ,  diameter  X  3.1416  ,     , 

Formula. 7 rr 1 — i r-  =  lead. 

natural  tangent  of  angle 

From  lead  calculate  compound  gears. 

Attention.  —  Use  above  formula  when  changing  pitch  diam* 
eter  of  spiral  gears  to  bring  approximate  lead  within  .005"  of 
exact  lead. 

44.  Cutters  for  spiral  mills  are  obtainable  with  either 
40°,  48°,  or  53°  angle  on  one  side  and  12°  on  the  other. 

46.  Cutters  for  two-groove  twist  drills  are  obtainable  for 
drills  ^ly"  to  2  J"  in  diameter. 


CUTTING  TEETH  IN  SPIRAL  MILL 


IN  SPIRAL  HILL 

46.    To  cut  teellt  in  spiral  mill,  uniTersal  milling  nuiehine. 
Pig.  31. 


Fio.  31,  —  ComNQ  Tektb  in  Spiral  Mill. 


SPECIFICATIOHS 


cutter  blank 

Duuneterotmill 

If' 

A" 

12i' 
53'X12°R.H 

.208" 

•taeloutter 

Amount  of  sat  aver 

134^ 
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SCHEDULE  OF  OPERATIONS 


L  Preparatory  adjustments. 
Place  cutter  A  on  arbor  B  to  cut 
in  direction  of  rotation,  and  clamp 
hard.  Fasten  index  head  and 
footstock  in  horizontal  alinement 
on  table. 


FOOTSTOCK 
CENTER 


Fig.  32.  —  Setting  Double-angle 
Cutter  Radial. 

n.  Set  cutter  radial.  Set  swivel 
table  at  zero,  cutter  central,  and 
cross-feed  dial  at  zero.  Move 
cross  slide  inward  ^  diameter  of 
blank  (.208")  to  give  radial  teeth, 
as  at  A',  Fig.  32,  then  clamp  cross 
sUde. 

m.  Arrange  gears,  index  and 
table.  Arrange  gears  for  spiral,  set 
index  for  18  teeth,  withdraw  stop 


so  that  index  plate  can 
set  swivel  table  at  12i^,  JFig.  31, 
and  clamp. 
IV.  Mount  the  blank  <m 


Press  mandrel  C  firmly  into  blazLk 
D  and  mount  on  centers,  securing 
dog  E  in  driver  by  screw  F. 

V.  Obtain  width  of  land  by  txial 
cuts.    Start  machine,  raise    ksee 
and  with  power  feed,  take  sIicm^ 
trial  cut  less  than  required  depth, 
then  throw  out  power  feed    &nd 
stop  machine.    Set  vertical  dinl  at 
zero,  lower  knee,  move  table  l>ack 
until  blank  is  clear  of  cutter  and 
index  for  next  tooth.    Raise  knee 
to  zero  and  take  another  short 
cut. 

Lower  knee,  move  table  b&ek 
until  blank  is  clear  of  cutter  and 
measure  width  of  land  with  rule. 

If  land  is  too  wide,  raise  knee 
a  little  higher  than  before;  repea  t 
process  until  land  is  correct  ( j*j" 
wide) .  Reset  vertical  dial  at  zero 
after  each  correction. 

VL  Mill  18  teeth.  With  set- 
ting correct  and  table  dog  set  to 
trip  feed  at  end  of  cut,  mill  teeth 
all  around  blank,  one  cut  each. 

Warning.  —  To  avoid  cutter 
scraping  work  by  back-lash  in 
screw  and  gears,  after  obtaining 
depth  of  cut  in  spiral  milling,  set 
vertical  dial  at  zero  and  at  the 
end  of  each  cut,  lower  knee  and 
move  table  back  to  starting  point, 
then  raise  knee  to  zero  for  next 
cut. 
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GROOVIKG  TWIST  DRILL 
47.  To  groove  tvist  drill,  spiral  milling,  universftl  i 
xuLchine.    |Fig.  33. 


Fio.  33.  —  Gboovwo  Twist  Drill. 


SPECIFICATIONS 


Diameter  of  drill . 
Length  of  drill. . . 
Length  of  grooves 
No.  at  ETooves. . . 
Thicknewof  poiot 

Lead 

Angle  of  spiral . . 
Cutter 


Angii!  to  act  swivel 
bed  for  clearance 
of  lands, ....... 

Depth  of  clearaDce   | 

Omit*  tor  tplral     j 
Gear  on  worm  C  ,  , 
1st  gear  on  stud /f.  ! 
2d  gear  on  stud  J  . 
Gear  on  screw  K..    ' 


Amou  nt  of  set  over 
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SCHEDULE  OF  OPERATIONS 


L  Preparatory  adjustments. 
Place  cutter  A  on  arbor  B  to  cut 
in  direction  of  rotation,  and  damp 
hard.  Fasten  index  head  and 
footstock  in  horizontal  alinement 
on  table.  Lower  index  head  cen- 
ter 2"*  and  clamp;  this  is  to 
thicken  web  and  strengthen  drill 
which  has  a  tendency  to  twist 
when  in  use. 

XL  Set  ctttter  radisL    Set  swivel 


CUTTER 


CCNTCfl 


Fig.  34. — Setting  Cutter  off 

Center  for  Grooyino 

Twist  Drill. 

table  at  zero,  cutter  central,  and 
cross-feed  dial  at  zero.  Move 
cross  slide  inward  iV  diameter  of 
blank  (.100"),  as  at  A,  Fig.  34,  and 
clamp. 

in.  Arrange  gears,  index  and 
table.  Arrange  gears  for  spiral, 
place  index  pin  in  any  hole,  then 
withdraw  stop  L  so  that  index 
plate  M  can  revolve;  set  swivel 
table  at  27}^,  and  clamp.  See 
Pig.  35. 


IV.  Mount  the  blank  on  ceoteis. 
Mount  blank  C  on  centers  and 
secure  dog  D  in  driver  by  screw 

E.  Adjust  V  rest  under  middle 
of  blank  to  prevent  spiinipng. 
Set  table  dog  to  trip  feed  at  de- 
sired length  of  groove. 

V.  Obtain  thickness  of  point 
Start  machine,  raise  knee  and  take 
short  trial  cut  less  than  required 
depth.  Set  vertical  dial  at  lero, 
lower  knee,  move  table  back  until 
blank  is  clear  of  cutter,  index  one- 
half  revolution,  raise  knee  to  zero 
and  take  another  short  cut.  Re- 
peat until  point  is  i"  thick. 

VI.  Mill  grooves.  Reset  verti- 
cal dial  at  zero  and  mill  groove, 
one  cut  each. 

VIL  Mill  land  clearance.  Mount 
drill  A,  Fig.  36,  on  centers  to  mill 
lands  B,  with  end  mill  C.  Set 
swivel  table  1^  (angle  shown  by 
line  D,  ^   to  cut  deepest  at 

F,  F',  and  mill  clearance  ^"  deep 
leaving  ^''  lands,  one  or  m<H« 
cuts. 

Information.  —  Take  trial  cuts 
and  if  lands  are  wider  at  shank 
end  of  drill,  raise  index-head  cen- 
ter 1^  or  2^  to  make  lands  even 
width.  Oxidize  small  drills  to 
enable  cut  and  land  to  be  readily 
seen. 

Note.  —  Manufacturers  of  twist 
drills  use  a  special  cutter  for  mill- 
ing land  clearances. 
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Fio.  36.  —  MiLUNQ  Land  Cleakancb  on  Twist  Dhill. 


MAKING  TWIST  DKSLL 
48.  To  make  taper  shank  twist  drill,  Fig.  37. 
-n-f- 


Fig.  37.  —  Schbdclb  Drawino. 
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Spectflcatioiis:   Material,  annealed  high-speed  or  carbon  steel  ^'^  j 
to  i"  large;  weight,  2  lb.  3  oz.     Hardness,  20  to  25  (scleroscope).         , 

High-speed  steel,  or  stellite  cutting  tools. 

Time:   4  h.  45  min.  which  includes  15  min.  for  milling  tang,  1  L 
for  milling  spiral  grooves  and  30  min.  for  milling  clearances. 


SCHEDULE  OF  OPERATIONS,  MACHINES  AND  TOOLS 


Operations. 


Center. 

True  live  center.  Set  dead 
center  in  approximate  aline- 
ment. 

Rough  square  to  11 V'.  (i).  (<)• 


Recenter. 

Omit  finish  square. 

Rough  turn  to  1.012'',  (3).  one 
or  two  cuts.  Turn  half  way, 
reverse  and  turn  other  half. 

Draw  lines  for  length  of  shank 
and  body  (5),  (7). 

Turn  taper  shank  .602"  to  1', 

(6). 

Set  over  footstock  -f^",  or  use 
taper  attachment. 

Rough  turn  taper  (6)  to  |}"  at 
small  end,  one  or  two  cuts. 


Take  a  light  trial  cut  about 
.004"  to  .005".  To  correct 
this  taper,  see  Schedule  of 
Operations,  p.  229. 

Rough  turn  to  .753"  +  .020" 
for  grinding  (6),  one  cut. 

Rough  and  finish  turn  reduced 
part  (7),  one  or  two  cuta. 

Finish  turn  tang  (8),  one  cut. 
Round  end  and  corner  (2). 


Machines,  Speeds, 
Feeds. 


Engine  lathe,  12"  to 
16". 


2d  or  3d  speed,  or  40 
F.P.M.  Hand  feed. 


1st  or  2d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

I  Vise,  copper  jaws. 


Engine  lathe. 

1st  or  2d  speed  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

3d  speed  or  60  F.P.M. 
Fine  power  feed  — 
140  to  1". 


Medium   power   feed 
—  80  to  1". 

PHne     power     feed  — 
140  to  1". 


Hand  feed. 


Toou. 


Dog,  holder  and  cut- 
ter 30°  rake,  cS- 
I)ers,  rule. 


Holder  and  cutter 
30*»  rake,  1"  mi- 
crometer. 

Copper  sulphate, 
rule,  scriber. 


Rule,  dividers. 

Holder  and  cuiur 
30°  rake,  calipers. 
rule. 

Holder  and  cutter 
30°  rake,  Morse 
taper-ring  g«*e 
No.  3,  chaJk  or 
Prussian  blue. 

1"  micrometer. 
Calipers,  rule. 


Forming  tool. 


MAKING  TWIST  DRILL 
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SCHEDULE  OF   OPERATIONS,   MACHINES   AND 

TOOLS,  Concluded 


Operations. 


Roueh  turn  etem  }''  long  (9), 
four  or  five  cuts.  Set  tool  at 
59**  and  form  point. 

Stamp  size  and  name  on  re- 
duced part  (7). 

MiU  tang  (10). 


Mill  grooves  (11).  (llO-  See 
pp.  1243-1246. 

MUl  land  clearance  Vr".  (i<)* 

(ir).    See  pp.  1244, 1245. 
Harden  in  water. 

Temper  in  oil  (or  polish  and 
temper  to  straw  color). 

Test  hardness  with  scleroscope, 
or  dead-smooth  file. 

Grind  taper  (6)  to  .753"  at 
end,  or  to  fit  Morse  taper- 
ring  gage.  See  pp.  7 12,  72e, 
830. 


Set  grinding  machine  to  grind 
the  taper  for  body  clearance. 

Grind  body  to  1.000"  at  point 
of  drill.     See  pp.  1206,  7 12. 

Nick  Btem  (9),  with  grinding 
wheel;  break  off  and  grind 
point  to  118°.  See  Principles 
of  Machine  Work. 


Machines,  Speed, 
Feeds. 


1st  or  2d  speed,  or  40 
F.P.M.  Medium 
power  feed  —  80  to 
1". 

Vise  copper,  jaws. 


Universal  milling  ma- 
chine, 2d  or  3d 
speed,  or  50  F.P.M. 
Medium  power  feed 
—  .007"  per  cutter 
revolution. 

Universal  milling  ma- 
chine. 

Gas  furnace  or  forge 
1325<»  F.  to  1350°  F. 

Oil-tempering  furnace 
425°  F.  to  435°  F. 


Universal       grinding 
machine. 


Twist  drill  grinder. 


Tools. 


Calipers,    rule,    and 
bevel  protractor. 


5"  steel  figures  and 
letters,  hammer. 

Index  centers,  1" 
end  mill,  calipers, 
rule,  oil. 


1"  end  mill  or  special 

cutter,  rule,  oil. 
Tongs,  water. 

(Red-hot  ring  or  col- 
lar). 


Cirinding  wheel  No. 
60,  K,  vitrified, 
Morse  taper-ring 
gage.  No.  3,  chalk 
or  Prussian  blue, 
1"  micrometer. 


'  Cup  grinding  wheel 
No.  40  A',  vitri- 
fied, b('V(4  pro- 
tractor. 


Atterdion,  —  If  the  drill  springs  in  hardening  and  tempering  an 
amount  in  excess  of  that  allowed  for  grinding,  it  should  be  carefully 
straightened  before  grinding.    See  p.  12 17. 

Informaiion,  —  If  not  convenient  to  use  a  cylindrical  grinding 
machine,  the  taper  shank  may  be  turned  and  filed  to  fit  a  Morse 
taper-ring  gage,  No.  3.  The  body  may  also'  be  turned  and  filed  to 
size. 


1248  ADVANCED  MACHINE  WORK 


PRECISION  METHODS  OF  LOCATING  HOLES  ^OR  JIGS 
AND  ACCURATE  MACHINE  PARTS 

49.  The  precise  location  of  holes  in  jigs^  fixtures,  master 
plates  and  accurate  machine  parts  is  obtained  by  the  plug 
method  for  large  work  and  by  the  button  method  for  small 
work.  For  ordinary  machine  work  where  an  error  of  timfv"  ^ 
yiSif"  ^  permissible,  the  usual  method  of  locating  holes  with 
surface  gage,  dividers,  rule,  and  center  punch,  and  then  draw- 
ing the  drill,  is  sufficiently  accurate.  See  Accurate  Drilling, 
Principles  of  Machine  Work.  To  locate  holes  of  precision 
in  jigs  and  fixtures  where  errors  greater  than  tAt"  are  not 
permissible  and  an  accuracy  of  ^jshW  is  often  required,  the 
plug  or  button  method  is  used. 

60.  Jigs  and  fixtures  are  usually  designed  by  the  draftsman 
and  made  by  the  toolmaker.  Many  toolmakers,  however, 
are  well  qualified  to  both  design  and  make  jigs  and  fixtures. 
The  shape  and  other  requirements  of  the  work  determine 
whether  a  plate,  solid,  box,  or  rotary  type  of  jig  is  required. 
See  Drilling  Jigs,  pp.  601-610.  The  jig  is  designed  by 
making  a  drawing  having  two  or  three  views  and  the  details. 
As  an  element  of  safety,  it  is  best  to  make  the  design  of  such 
shape  that  it  would  be  impossible  to  place  the  jig  on  the  work 
or  the  work  in  the  jig  the  wrong  way. 

After  the  position  of  the  work  in  the  jig  is  arranged,  the 
locations  of  the  holes  and  the  clamping  devices  are  deter- 
mined. Wooden  patterns  are  then  made  for  the  jig  body  and 
other  parts  that  are  to  be  made  of  cast  iron  and  iron  castings 
obtained. 

61.  Plane,  mill  or  grind  jig  castings  accurately.  —  The 
working  surfaces  of  jigs  and  fixtures  that  are  to  be  bored  by 
precision  methods  must  be  planed,  milled,  or  ground  accu- 
rately and  smoothly,  and  all  sharp  edges  slightly  beveled 
with  a  file.  Box  jigs  and  similar  fixtures  must  have  two  or 
more  surfaces  or  spots,  exactly  at  right  angles,  from  which  all 
measurements  are  taken. 
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62.  The  vernier  height  gage,  as  shown  in  Figs.  40,  42,  43, 
SO  &nd  54,  is  a  combination  tool.  Ajft  a  height  gage  it  is  used 
For  accurately  measuring  heights  and  spaces.  As  a  caliper, 
it  may  be  used  in  the  same  manner  as  the  vernier  caliper, 
see  pp.  2ll,  2l2.  It  is  an  indispensable  instrument  for  locat- 
ing holes  in  jigs  and  fixtures  by  the  plug  or  button  method. 

While  the  vernier  height  gage  may  be  set  to  a  ten-thousandth 
of  an  inch,  accurate  measurements  and  the  comparison  of 
distances  and  sizes  also  depend  on  the  sense  of  touch  or 
"  feel "  which  is  obtained  by  pressing  the  gage  or  caliper 
over  or  between  the  points  being  measured  with  a  uniform 
pressure. 

PLUG  MSTHOD  OF  LOCATING  HOLES 

63.  The  phig  method  is  a  process  of  precisely  locating  the 
axis  of  the  hole  to  be  made  with  the  axis  of  a  standard  plug 
held  in  the  spindle  of  a  universal  r— i  ^uo 
or  precision  boring  mill,  or  milling  •JJJle*' 
machine.  With  either  machine  p*>te- 
the  process  is  the  same  except  for 
the  variation  in  movements  pecul-  . 
iar  to  the  diflferent  makes  of  ma-     I 

,    .  ixil.  •        •     1  *  XL  1  •OmMO  MILL  TABLi  C 

chines.    The  prmciple  of  the  plug 

method  of  alining  work  in  a  bor-      Fia.  38.— The  Princd^le  of 

ing   mill   is   shown  in  Fig.   38.  ™^  ^''^^  Method  of  Locat- 

TiiT  '       J.  X  1        r         xi_     INQ  Holes. 

Measurements  are  taken  from  the 

hardened  and  accurately  ground  plug  A,  held  m  the  spindle  to 

the  accurately  scraped  angle  plate  B  which  is  clamped  to  the 

table  parallel  to  the  spindle,  and  from  plug  A  to  the  table  C. 

64.  To  locate  angle  plate  accurately  on  boring  mill  table.  — 
To  set  angle  plate  A,  Fig.  39,  parallel  to  axis  of  spindle  (as- 
suming that  the  table  is  true)  first  place  it  in  approximate 
position  on  table,  test  it  with  square,  and  clamp  lightly. 
Then  place  drill  chuck  in  spindle  and  fasten  test  indicator  B 
in  chuck.  Test  angle  plate  verticaUy  with  indicator  by 
moving  spindle  up  and  down,  and  longitudinally  by  moving 
spindle  in  and  out  and  adjusting  angle  plate  by  rapping  it 


B 
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lightly  with  lead  hammer.  When  angle  plate  is  true,  clamp 
hard  and  test  again,  as  hard  clamping  has  a  tendency  to 
change  the  location  of  angle  plate. 


HOmZONTAL 

•ORINO 

MILL- 


FiG.  39.  —  Locating  Angle  Plate  Accurately  on  Boring  Mill 

Table. 

AtteiUion,  — Vertical  adjustments  are  made  on  some  types  of  boring 
milLs  by  raising  or  lowering  spindle,  see  Fig.  39;  and  on  others,  by 
raising  or  lowering  table,  see  p.  6 16. 

66.  To  aline  jig  to  angle  plate.  —  Place  drilling  jig  A, 
Fig.  40,  against  the  tongue  blocks  B  and  C,  clamp  lightly 
and  set  parallel  to  the  angle  plate  D  by  taking  measurement-s 
at  E  and  F  with  vernier  height  gage  G.  Make  corrections 
by  rapping  jig  lightly  with  soft  hammer,  then  clamping  it  hard. 

66.  To  true  plug  in  spindle.  —  Taper  shank  plug  A,  Fig.  41, 
is  placed  in  spindle  B  and  tested  with  indicator  C  to  see  if  it 
runs  true.     If  the  plug  is  hardened  and  ground  accurately, 
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Fig,  40.  —  Auninu  Jio  to  Angle  Plate. 

and  care  is  used  in  placing  it  in  the  same  pcsition  in  the 
socket  each  time,  it  should  run  true;  but,  if  it  runs  out  a 
slight  amount,  the  error  ia  often  corrected  by  removing  and 
replacing  the  plug.  When  the  plug  runs  true,  the  jig  is  lined 
up  to  it. 

67.  To  set  axis  of  the  hole  to  be  bored  true  to  axis  of  the 
plugi  two  measurements  are  necessary.  First  set  vernier 
height  gage  A,  Fig.  42,  the  distance  called  for  on  the  drawing 
from  center  of  hole  in  boss  B  to  bottom  of  jig  C  or  to  table  D, 
minus  one-half  the  diameter  of  plug  E,  then  adjust  spindle  F, 
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4 


FiQ,  41.  — ^I'buinq  Plug  in  Spindle. 

up  or  down,  until  distance  is  correct  as  determined  by  the 
vernier  height  gage  A,  Fig.  42. 

Second^  set  vernier  height  gage  A,  Fig.  43,  the  distance 
called  for  on  drawing  from  center  of  hole  in  boss  B  to  side  of 
jig  C  plus  distance  from  jig  C  to  angle  plate  D  minus  one-half 
diameter  of  plug  E,  then  adjust  table  F  until  this  distance 
is  correct  as  determined  by  vernier  height  gage  A,  Fig.  43. 

68.  To  bore  hole  in  jig.  —  Place  short  drill  A,  Fig.  44,  in 
the  spindle  and  spot  the  work  to  make  a  true  cavity,  as  at  A\ 
see  also  pp.  408, 409.  Then  use  two  or  three  drills,  as  at  £  and 
C,  the  largest  being  about  ^V"  smaller  than  the  finished  hole. 
Each  drill  removes  but  a  small  amount  of  stock,  thus  elimi- 
nating the  danger  of  drilling  the  hole  out  of  alinement. 

After  drilling,  special  boring  tool  D  is  used  with  a  fine  power 
feed.  Several  boring  tools  may  be  used  with  the  cutter 
set  in  each  to  remove  but  a  small  amoimt  of  stock.    The 
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itter  in  the  last  boring  tool  is  set  to  bore  the  hole  to  the 
tquired  size.    See  also  Adjustable  Boring  Tool,  Fig.  47. 


Fio.  42.  —  SvrmTO  Plug  Corbxct  Distance  fbou  Table. 


PiQ.  43.  —  SEmNO  Anolb  Plate  Cobebct  Distance  from  Plug. 

Teat  hole  with  plug  gage  or  measure  with  inside  micrometer. 
Reamers  are  rarely  used  on  this  class  of  work  as  they  have 
a  tendency  to  throw  the  hole  out  of  alinement.     If  the  plug 
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gage  fits  rather  tight  after  entering  about  halfway,  a  reamer  J 
18  used  to  relieve  the  back  end  of  hole.    In  this  operatiot 


i'la.  44.  —  BoRiNO  Hole  in  Jig  with  Special  Borinq  Tool, 


FOR  DrIUJNO  JlQS. 


the  hole  is  not  changed  as  the  reamer  removes  so  small  ao 
amount  of  metal  that  it  burnishes  but  does  not  cut. 
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• 
Warning, — After  boring  the  hole  and  before  removing  the  jig, 

place  a  plug  in  the  hole  and  test  the  measurements  from  gage  to  angle 

plate  and  table. 
Infarmaiion.  —  Additional  holes  in  jig  may  be  located  by  the  same 

method* 

Attention,  —  Jn  locating  and  boring  holes  which  pass  through  two 

opposite  aces  of  a  box  jig,  the  boring  is  carried  through  the  first  face. 

The  work  is  then  reversed,  relocated,  and  the  second  face  bored.    This 

avoids  the  error  that  may  be  caused  by  the  spring  of  a  long  boring  tool. 

69.  Bushings  for  drilling  jigs.  —  As  holes  in  cast  iron  or 
machine  steel  would  soon  wear  out  of  true  by  the  action  of 
the  tools  which  pass  through  them,  holes  in  jigs  are  lined  with 
hardened  and  ground  steel  bushings.  The  fixed  drilling 
bushing,  as  shown  at  A,  Fig.  45,  is  made  of  carbon  steel  hard- 
ened and  tempered.  The  hole  is  ground  and  lapped  to  the 
required  size,  and  the  outside  diameter  ground  to  about  .002" 
larger  than  the  bored  hole  and  forced  in  with  a  press.  Where 
more  than  one  size  of  bushing  must  be  used,  they  are  called 
slip  or  removable  bushings.  A  slip  bushing  for  the  drill  is 
shown  at  B,  for  the  reamer  at  C,  and  for  the  tap  at  D,  The 
hole  is  also  Uned  with  a  hardened  and  ground  steel  bushing 
as  at  E,  forced  in  to  receive  the  slip  bushing.  The  tops  of 
slip  bushings  are  usually  nurled  so  that  they  may  be  readily 
removed  with  the  fingers,  and  they  are  often  held  in  place 
with  a  binding  screw,  as  at  F. 

60.  To  locate  one  hole  accurately  from  another  hole  by 
the  use  of  two  plugs.  —  This  method  is  used  on  jigs,  fixtures, 
and  accurate  machine  parts  in  the  boring  mill  or  milling 
machine.  To  bore  holes  1  and  2  in  lugs  A  and  B,  in  a  machine 
part,  Fig.  46,  as  shown  in  detail  at  A '  and  B\  clamp  work  to 
milling  machine  table,  drill  and  bore  hole  1  in  lug  A.  Move 
table  and  place  plug  C  in  spindle,  and  plug  D  in  hole  1,  then 
adjust  table  and  measure  over  plugs  C  and  D  with  vernier 
caliper  E  or  micrometer.  This  measurement  should  be 
the  distance  between  centers  of  holes  1  and  2  plus  half  the 
diameter  of  each  of  the  plugs  C  and  D. 

As  holes  1  and  2  are  not  in  horizontal  alinement,  measure 
distance  F  from  plug  C  to  the  table  with  vernier  height  gage. 


1366  ADVANCED  MACHINE  WORK 

then  nuse  table  the  difference  in  alinement  of  holes  1  and  2. 
as  shown  in  detail  at  G,  and  again  measure  with  Tmuer 


Fio.  46.  —  Locating  Ond  Hols  AcxnTSATEL?  ntou  Another  Hole 
BT  UsiNa  Two  Pluos  in  Milunq  Machine. 


Fio.  47.  —  Bobino  with  Adjtjbtabuc  Tool- 


height  gage  from  plug  C.  to  table.     Thb  measurement  should  I 
be  distance  F  minus  the  difference  in  alinement.     Hole  2  U 
then  drilled  and  bored. 
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61.  Adjustable  boring  tool  shown  at  A,  F^.  47,  is  uaed  for 
boring  in  milling  machines,  boring  mills,  drill  presses  and 
engine  lathes. 

The  cutter  B  is  adjusted  by  micrometer  screw  C,  making 
it  very  useful  for  precision  boring. 

Attention.  —  If  a  milling  machine  is  used,  care  must  be  taken  to 
see  that  it  is  in  good  condition.  If  there  is  an  appreciable  sag  of  the 
knee,  an  allowance  should  be  made  in  setting  the  work.  In  any 
machine  used  for  accurate  boring,  the  aUdea  should  be  cleaned  and 
oiled  and  the  gib  screws  adjusted  so  that  all  movable  parte  fit  closely 
but  not  too  finnly. 

BUTTOB  METHOD  OF  LOCATmO  HOLES 

62.  The  button  method  is  a  process  of  precisely  locating 
boles  with  hardened  and  ground  buttons  or  collars  often  called 
toolmakers'  buttons.  It 
13  a  slower  process  than 
the  plug  method  but  it  is 
used  for  small  accurate 
work.  It  consists  of  three 
operations:  First,  locate 
the  button  precisely  and  F««.^-Thb  Bctton,  atoMethodof 

1  ■.  i    iL    »  1  ,     Fastenino  THE  Button  TO  Platb  OB  Jio. 

clamp  it  to  the  face  plate 

or  jig.    Second,  clamp  the  plate  or  jig  to  the  face  plate  of 

the  lathe,  test  the  button  with  a  sensitive  test  indicator  and 

adjust  plate  or  jig  until  the  button  is  perfectly  true  to  the 

axis  of  rotation.     Third,  drill  and  bore  the  hole. 

The  button  used  is  shown  at  A,  Fig.  48;  it  ia  about  J"  long, 
and  ground  to  some  exact  diameter,  as  .300",  .400"  or  .500", 
with  perfectly  square  ends.  Where  only  one  hole  is  to  be 
located,  a  button  of  an  exact  diameter  is  not  important;  but 
if  two  or  more  holes  are  to  be  located,  they  should  all  be  of  the 
some  diameter.  A  sectional  view  of  the  button  is  shown  at  B, 
and  the  method  of  clamping  to  plate  or  jig  C  by  special  cap 
screw  Lf  and  washer  E. 

The  screw  may  be  about  i"  X  40,  and,  to  permit  adjust- 
ment, hole  F  in  the  button  is  about  Vc"  larger  than  the  screw. 


^ 
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63.  To  locate  fhe  button  on  a  plate.  —  For  hole  A,  Fig.  49, 
locate  the  button  B  on  plate  C  the  distances  D  and  E  from 
side  and  end  of  the  plate  by  finding  its  approximate  center 
with  surface  gage,  rule,  and  square,  and  making  a  center 
punch  mark.  The  center  punch  mark  is  usually  within  .010" 
of  being  correct.  Next  drill  and  tap  for  the  screw,  file  off 
burr  and  fasten  button  lightly  to  the  plate  with  the  screw. 


1     f  micr5m 


ETER 


B      —  A   I 

BUTTON  HOLE 


PLATE  C 


Fig.  49.  —  Locating  the  Button  Accuratblt  on  a  Plate. 

Then  hold  parallel  F  against  side  of  plate,  measure  with  mi- 
crometer caliper  G,  and  adjust  the  button  by  rapping  it  ligWy 
with  a  lead  hammer  until  this  measurement  equals  the  (fc* 
tance  D  plus  thickness  of  parallel,  plus  half  the  diameter  of 
the  button.     Repeat  the  process  for  distance  E  with  microm- 
eter as  shown  dotted  at  H.    Measure  the  distances  D  and  ^ 
alternately,  until  button  is  precisely  located,  then  fasten  button 
down  hard.     Clamp  the  plate  lightly  to  an  accurate  face  pW* 
of  an  engine  lathe,  and  test  the  button  with  a  sensitive  test 
indicator  held  in  the  tool  post,  and  adjust  the  plate  until  tn<^ 
button  is  perfectly  true  to  the  axis  of  rotation,  see  Art.  w. 
pp.  1259,  1260.    To  bore  the  hole,  see  Art,  66,  pp.  1260, 1*^' 
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64.  To  locate  the  button  oa  a  diilliiig  jig.  —  Hole  A ,  Fig.  50, 
s  to  be  located  halfway  between  the  legs  of  drilling  jig  B  and 
it  a  given  distance  from  the  face.  Locate  center  of  hole 
ivith  surface  gage,  rule,  square,  and  center  punch.  Drill 
uid  tap  hole,  file  off  burr,  wipe  clean  and  fasten  button  C  to 
(he  jig.  Clamp  jig  to  the  accurately  scraped  angle  plate  D 
:o  give  larger  working  distances.     Set  vernier  height  gage  E 


Fig.  50.  —  LocATiNQ  the  Button  on  a  Driluno  Jw, 
to  equal  the  distance  from  the  edge  of  jig  to  the  center  of  hole 
plus  one-half  the  diameter  of  button  plus  thickness  of  the 
angle  piste.  Transfer  this  setting  to  sensitive  test  indicator 
F,  with  needle  at  center  of  scale.  Adjust  button  until  there 
is  no  change  of  needle-reading.  Turn  the  jig  down  and  repeat 
this  process  to  locate  button  the  correct  distance  from  face 
of  jig.  Then  fasten  button  on  hard  and  test  again,  as  hard 
clamping  may  change  the  position  of  button, 

66.  To  set  button  true  to  axis  of  rotation.  —  Clamp  drilling 
jig  A,  Fig.  51,  lightly  to  a  perfectly  true  face  plate  with  button 
B  approximately  true  to  axis  of  rotation,  then  balance  with 
counterweight  C.  See  also  pp.  407,  408.  Rotate  spindle  by 
hand  and  test  the  location  of  button  B  by  indicator  D.     Ad- 
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just  jig  by  rapping  it  lightly  with  a  lead  hammer  until  the 
needle  of  indicator  ceases  to  move,  then  tighten  the  clamping 
bolts.  Test  button  agun,  as  final  clamping  may  change 
location  of  button. 


Fm.  ">1.  —  Sbttikq  Button  Troe  to  Axis  op  Rotation. 

66.  To  bore  the  hole  in  jig.  —  Remove  button  and  with 
flat  drill  A,  Fig.  52  (or  centering  tool),  held  in  a  drill  chuci 
fitted  into  footstock  spindle,  cut  true  cavity  B  to  start  drill. 
See  also  p.  409.  Then  use  increadng  sizes  of  drills  w'J' 
hole  is  within  Jj"  of  size.  Bore  hole  C  exactly  to  siie  ffi'li 
boring  tool  D  taking  two  or  more  cuts  and  using  a  fine  po"'fl" 
feed.  Test  hole  with  plug  gage  or  measure  with  inside  microm- 
eter.   See  Bushings  for  Drilling  Jigs,  p.  1255. 

Wanting.  —  Care  should  be  taken  to  see  that  the  lathe  spitKB"' 
hearings  aro  tight  for  any  looseness  will  affect  the  truth  of  the  bof*'' 
hole.  Also,  see  that  the  jig  is  accurately  counterbalanced  as  the  bw^ 
hole  will  be  out  of  true  if  the  jighas  any  spriD|^ngor  vibratingactioii- 
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the  shape  of  the  work  la  such  that  the  rotative  speeds  for  drilling 
d  boring  *rill  cause  the  apindle  to  spring  and  the  work  to  vibrate, 

e  the  plug  method  and  a  boring  mill,  or  milling  machine,  where  the 

irk  will  be  stationary  and  the  drills  and  boring  tool  will  revolve. 

Attention.  —  The  true  cavity  starte  the  drill  true  and  eliminates  the 

ceatricity  of  the  tapped  hole. 

Information.  —  The  button  method  may  be  used  in  boring  mill  or 

iUing  machine  by  alining  the  button  to  a  slip  bushing  on  plug  in 

le  spindle. 


Fia.  52.  —  Boring  the  Holb  in  Jia  in  the  Enoink  Lathe. 

07.  To  locate  two  holes  by  the  button  method  usually 
requires  that  measurements  be  referred  to  the  buttons  them- 
selves as  well  aa  to  the  edges  of  the  work.  In  Fig.  53  button  A 
for  hole  1  is  to  be  located  with  reference  to  edges  CD  and  DE 
on  plate  F,  and  button  B  for  hole  2,  with  reference  to  button  A 
and  edge  DE.  First  locate  both  buttons  approximately  with 
reference  to  edges,  by  the  method  given  on  p.  1258. 

The  precise  locations  of  buttons  A  and  B  are  determined 
with  micrometera,  as  shown  in  Fig.  53. 
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Fig.  53.  —  Locatinq  Two  Holes  by  thg  Bdtton  Mbthod. 

68.  To  locate  and  bore  holes  an  approximate  distance  | 
apart  viA  boring  mill  or  milling  machine.  —  Oa  jigs  and 
fixtures  where  the  extreme  accuracy  of  the  plug  or  button 
method  ia  not  required,  the  holes  may  be  located  aud  bored 
approximately  accurate  a  given  distance  apart  by  using  the 
graduated  dials,  reading  in  thousandths  of  an  inch,  on  tbe 
actuating  screws  of  a  boring  mill  or  milling  machine.  See 
p.  616. 

69.  To  locate  and  bore  two  or  more  holes  an  exact  distance 
^Mit  with  boring  mill  or  milling  machine.  —  First,  clamp  the 
work  to  the  table  and  adjust  the  table  to  move  the  work  to 
the  proper  position,  then  drill  and  bore  the  first  hole  to  the 
required  size.  Second,  move  the  table  by  the  actuating 
screw  the  required  distance  for  the  second  hole  as  indicated 
on  the  micrometer  dial.  Third,  drill  and  bore  the  hole  -if" 
small  and  place  a  plug  or  proof  bar  in  each  hole.  Fourth, 
teat  the  distance  between  the  bored  holes  by  measuring  over 
both  plugs  with  a  micrometer.  If  after  subtracting  half  tbe 
diameter  of  each  plug  from  this  reading,  the  result  is  not 
the  required  distance,  correct  by  moving  tbe  actuating  screw 


the  required  number  of  thousandths  of  an  inch  or  fraction  of  a 
thousandth,  as  indicated  by  the  micrometer  dial,  then  bore  the 
hole  to  the  required  size. 

SINE  BAR 
70.  Hie  sine  bar  is  used  for  the  precision  measurement  of 
angles,  and  for  locating  work  at  precise  angles.  It  consists 
of  a  hardened  and  ground  bar  with  hardened  and  ground 
plugs  placed  at  a  precise  and  known  distance  (usually  10") 
aptart,  which  by  means  of  a  vernier  height  gage  and  a  table 
of  ednes  and  cosines  may  be  set  to  any  angle  or  used  to  measure 
any  angle  precisely.  Some  sine  bars,  aa  A,  Fig,  54,  are  made 
with  hardened  bushings  to  which  accurately  ground  removable 
plugs,  Sand  C,  are  fitted;  other  sine  bars,  as  B,  Fig.  55,  have 
fixed  plugs,  C  and  D. 

Information.  — The  holes  in  the  sine  bar  are  located  by  either  the 
plug  method  or  the  button  method. 

71.  To  set  adjustable  angle  plate  with  the  sine  bar. — 
In  Fig.  54  the  sine  bar  A  is  used  to  set  adjustable  angle  plate 


Fis.  54.  —  BvmtiQ  Axwi^BrABui  Anqls  Plate  with  tax  Sinb  Bab. 

D  at  a  precise  angle:  First,  place  angle  plate  on  the  scraped 
surface  plate  and  set  it  approximately  by  bevel  protractor  E, 
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then  with  square  F  set  sine  bar  parallel  to  edge  of  an^e  plate, 
and  clamp  in  position.  Find  difference  in  height  of  plugs  B 
and  C  with  vernier  height  gage  G  and  obtain  the  precise: 
angle.  Adjust  plate  with  wrench  H  and  lead  hanuner  / 
until  difference  in  height  of  plugs  is  correct  for  the  d^red 
angle.  For  example,  the  angle  plate  is  to  be  set  at  30°.  The 
sine  of  30°  is  \.  Therefore,  with  a  10"  sine  bar  the  difference 
in  height  of  the  plugs  should  be  V  or  5". 

Attention,  — As  each  adjustment  of  angle  plate  changes  the  height 
of  both  plugs  making  the  vernier  readings  difficult  to  remember,  it  > 
customary  to  make  a  record  of  the  readings  as  suggested  by  the  pen?:! 
and  block  of  paper  at  K,  The  magEiif3ring  glass  at  L  may  be  uecd 
to  read  the  vernier. 

72.  To  measure  and  originate  tapers  with  the  sine  bar.  — 

The  sine  bar  may  also  be  used  for  measuring  and  originating 
tapers. 

In  Fig.  55  plug  gage  -4  is  to  have  a  taper  of  .5161"  per  foot. 
While  this  is  a  standard  taper  (Brown  &  Sharpe,  No.  10)  it 
may  be  assumed  that  there  is  no  ring  gage  or  templet 
available  and  the  sine  bar  is  used  instead  of  a  gage. 
The  plug  is  placed  in  the  fixture  on  the  scraped  sur- 
face plate  and  the  sine  bar  B  adjusted  to  the  taper 
gage  and  clamped  in  position.  The  difference  in 
height  of  the  plugs  C  and  D  is  found  by  vernier 


^        tTllAMNT  lOOC  MT  ^MALLCk  TO  tURFAOC  ^iATt        ^ 
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ftORAPEO  tUIIFAOl  ^LATC 


FiQ.  65.  —  MsASuiuNa  a  Taper  Gaqb  wtth  the  Sine  Bar. 

height  gage  E.  If  the  difference  is  not  correct  for  the  re- 
quired taper,  the  gage  is  corrected  by  grinding  or  lapping 
and  the  process  repeated.  For  example,  gage  A  is  to  have 
a  taper  of  .5161"  per  foot  or  .5161"  ^  12  =  .04301"  per  inch. 
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Assuming  a  10''  sine  bar  is  used  the  difference  in  height  of  the 
plugs  C  and  D  should  be  .04301  X  10  or  .4301". 

73.  Other  uses  for  the  sine  bar.  —  Besides  being  useful 
for  the  above  processes,  the  sine  bar  is  used  for  setting  nulling 
machine  heads  and  tables,  testing  angle  settings  of  vises, 
chucks,  and  other  machine  tools  where  precision  is  desired. 
It  is  also  very  useful  in  toolmaking  for  inspection  purposes. 

RELIEVING  FORMED  MILLING  CUTTERS,  TAPS,  DIES, 

COUNTERBORES  AND  HOBS 

74.  Relief  or  clearance  on  formed  milling  cutters.  —  The 
clearance  on  lathe  and  planer  cutting  tools  is  produced  by  hand 
or  machine  grinding.  See  pp.  135-142.  The  clearance  on 
plain,  radial  and  angular  milling  cutters  (also  some  form  milling 
cutters)  and  reamers,  is  produced  by  grinding  a  flat  clearance 
on  the  teeth  with  cutter  grinding  machines.    See  pp.  808-832. 


Fig.  56.  —  Fobmed  Milling  Cutter. 

Formed  milling  cutters,  as  in  Fig.  56,  for  milling  surfaces  of 
irregular  outline  and  gear  cutters,  see  p.  lloi,  also  taps,  dies, 
counterbores,  hobs,  and  similar  rotary  cutters,  are  given  an 
eccentric  relief  or  clearance.  A  hand  method  of  producing  this 
relief  is  to  file  an  increasing  amount  of  metal  away  from  the 
cutting  edge  to  the  heel  of  the  teeth.  This  is  not  satisfactory 
as  formed  cutters  are  sharpened  by  grinding  the  teeth  radially, 
see  pp.  823,  824,  and  the  grinding  will  change  the  outline  of  the 
teeth. 


} 
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76.  Machine  relief.  —  Formed  milling  cutters  are  given 
an  eccentric  relief  or  clearance  (the  land  back  of  the  cutting 
edge  is  curved,  not  flat)  with  a  cutter-relieving  or  backing-o^ 
attachment  in  an  engine  lathe,  see  p.  1271,  or  with  a  cutter-re- 
lieving machine,  see  pp.  1286. 

To  relieve  very  large  cutters,  or  to  make  cutters  in  quantities, 
special  cutter-relieving  machines  are  generally  used. 


FiQ.  57.  —  Showing  the  Principle  of  Relieving  Formbd 

Milling  Cutters. 

76.  The  principle  of  relieving  formed  milling  cutters  is 

shown  in  Fig.  57.  —  The  teeth  of  formed  milling  cutter  A  are 
relieved  or  backed  off  to  give  an  eccentric  relief,  as  at  B.  See 
Art.  89,  p.  1274.  It  corresponds  to  the  clearance  below  the 
cutting  edge  of  turning  tools.  See  Cutting  Tools,  pp.  l25-la5, 
301-309,  and  Cutter  Grinding,  pp.  808^27.  This  relief  is 
obtained  by  giving  forming  tool  C  a  forward  and  backward 
motion  from  zero  to  J"  or  more,  according  to  the  amount  of 
relief  desired.  Each  tooth  is  given  the  same  amount  of  eccen- 
tric relief.  After  hardening  and  tempering,  each  tooth  is  ground 
radially  with  a  thin  grinding  wheel,  as  at  D.    This  grinding 
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loes  not  change  the  curvature  or  outline  of  the  cutter  which  is 
)f  the  greatest  importance  in  producing  duplicate  work  and  work 
A  precision. 

77.   The   process  of  making  forming  tools  for  relieving 
formed  *w<ilttig  cutters.  —  Simple  forming  tools  for  relieving 


z:^ 


> 


Fig.  58.  —  Forbcino  Tool  —  29*  Thread  Relibying  Tool.  * 

straight  outlines  or  those  which  do  not  have  to  be  geometrically 
correct,  may  be  forged  and  ground  to  the  desired  shape  hke 
ordinary  lathe  tools,  as  shown  in  Fig.  58,  but  with  a  clearance 
angle,  as  at  A,  from  20**  to  25®. 

For  cutters  of  irregular  outline,  the  forming  tool  should  be  a 
flat  cutter,  as  shown  in  Fig.  59,  and  secured  in  a  suitable  tool- 


/ 


u 
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Pio.  69.  —  Flat  FoRMma  Cutpbb. 


holder.    This  tool  is  sharpened  by  grinding  on  the  top  surface 
A,  which  must  be  kept  parallel  with  the  shank.    See  p.  825. 

78.  Master-tools  or  scrapers,  are  used  to  produce  these 
forming  tools.  —  The  master-tool  is  made  the  reverse  of  the 
shape  of  the  forming  tool:  A  flat  piece  of  tool  steel  about  J  of 
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an  inch  thick,  as  shown  in  Fig.  60,  is  accurately  lined  out,  planeii 
or  milled,  and  carefully  filed  to  the  exact  form  desired  with  no 
clearance.  It  is  then  hardened,  tempered,  ground,  and  lapped 
to  correct  errors. 


CUTTING 
tOCE 


t 
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Fig.  60.  —  Master-Tool  o^  Scbafeb. 

Attention.  —  No  straight  cutting  edge  of  a  forming  tool  should 
be  designed  to  cut  perpendicularly  to  the  axis  of  the  cutter,  but 
inclined  about  5°  for  clearance. 

79.  Shaping  the  forming  tool  with  a  shaper.  —  The  opera- 
tion of  shaping  the  forming  tool  is  shown  in  Fig.  61.  The  form- 
ing tool  A  is  first  machined  and  filed  nearly  to  shape,  then  held 
in  fixture  S,  which  is  clamped  in  the  shaper  vise  at  the  desired 
clearance  angle  20°,  as  in  detail  at  C 

A  clearance  of  about  twenty  degrees  is  given  forming  tools 
for  eccentrically  relieving  formed  milling  cutters,  taps,  hobs. 
etc.,  having  a  moderate  relief.  For  a  very  large  amount  of 
relief,  this  clearance  may  have  to  be  increased. 

Forming  tools  for  concentric  forming  need  not  have  more 
than  from  12°  to  15°  clearance. 

The  master-tool  D  on  shaper  is  clamped  in  special  tool- 
holder  Ef  in  alinement  with  the  forming  tool,  or  180°,  as  at  F, 
otherwise  the  master-tool  will  not  cut  the  correct  shape  in  the 
forming  tool.  Supports,  as  at  (?,  prevent  the  master-tool  from 
springing.  The  shaper  must  be  run  at  a  slow  speed.  The 
forming  tool  should  be  so  near  to  the  desired  shape  that  the 
master-tool  will  have  to  take  but  a  few  scraping  cuts  to  produce 
the  correct  shape.  The  forming  tool  is  hardened  and  tempered, 
and  ground. 
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Information.  —  Master-tools  and  forming  tools  for  accunit*' 
ork  should  l)e  made  of  a  high^^ade  carhon  or  tool  ateel  that 
ill  shrink  but  a  minimum  amount  in  hardening  and  tempering. 


Fio.  61,  —  AcCTTRATi!  Pbocess  of  Shaping  Pormiko  Tool. 

SO.  To  set  forming  tools  in  the  lathe  or  cutter  relieving 
machine.  —  The  bottom  of  forming  tools  and  tool  holders 
should  be  machined  to  facilitate  accurate  setting.  To  relieve 
work  of  straight  outline,  the  tools  are  set  at  height  of  center, 
clamped  in  the  tool  post,  then  adjusted  to  suit  the  work. 

Forming  tools  for  work  of  precision  of  irregular  outline,  must 
be  set  at  the  height  of  centers  and  at  right  angles  to  the  axis  of 
the  cutter.  This  may  be  done  with  reasonable  accuracy  by 
shaping  the  flat  cutter  to  a  known  relation  to  an  edge  or  a  side, 
then  setting  this  edge  parallel  or  the  side  perpendicular  to  the 
axis  of  the  work.     For  greater  precision,  the  forming  tool  may 
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be  adjusted  to  the  correct  relation  to  the  work  axis  with  a  te^ « 
indicator.    See  Test  Indicators,  pp.  12 10-12 13.    Strsugfat  anc 
curved  parts  of  the  forming  tool  should  be  set  within  .001",  and  ' 
angular  parts  within  five  minutes. 
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Fig.  62.  —  Examples  of  Flat  Forming  Tools  for  RsuEviNa 
Formed  Milung  Cutters  are  Shown  at  A,  B,  C,  and  D 


InformaMon,  —  Some  toolmakers  match  the  form  to  the  cutter 
by  the  use  of  a  feeler  gage  or  by  placing  a  sheet  of  white  paper 
under  the  tool  and  cutter  and  testing  the  accuracy  of  the  setting 
by  the  light  line  between  the  edge  of  the  tool  and  cutter  when 
they  are  brought  close  together. 
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81.  Cutter  relieving  attachment  for  engine  lathes,  Fig.  63.  — 
be  attachment  is  bolted  to  lathe  bed  at  A,  and  tool  slide  B  is 
stened  to  cross  slide  in  place  of  regular  tool  block  or  compound 


Motion  for  the  actuating  mechanism  is  obtained  from  the 
feed  stud  gears  the  same  as  for  thread  cutting.  Sector  C  is 
used  to  bring  the  gearing  into  mesh  with  gear  on  end  of  cam 
shaft  D. 

To  the  sleeve  of  cam  shaft  D,  a  four-lobe  cam  E  is  keyed. 
The  gearing  and  cam  impart  an  oscillating  motion  to  the  uni- 
versal joint  shaft  F;  and  by  means  of  an  eccentric  at  tool-slide 
end  of  shaft,  a  reciprocating  motion  is  given  forming  tool  G. 

The  amount  of  relief  may  be  varied  tor  different  types  of 
cutters  by  a  toothed  coupling  at  J  on  ends  of  universal  joint 
oscillating  shaft  and  cam  lever.  This  permits  a  change  of  the 
relative  portion  of  the  eccentric  in  tool  slide  to  cam  lever,  and 
lengthens  or  shortens  the  reciprocating  travel  of  tool.  The 
toothed  coupling  gives  a  relieving  or  backing-off  adjustment 
from  eero  to  }"  on  the  different  sizes  of  lathes. 
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A  table  of  change  gears  for  the  number  of  teeth  or  flutes  perj. 
revolution,  is  furnished  with  cutter  relieving  attachments  andjl 
cutter  relieving  machines.  ^ 

Attention,  —  On  some  cutters  the  relieving  att^tchment  t 
placed  at  the  back  of  the  lathe. 

82.  Speed  for  relieving  should  be  slower  than  for  ordinary 
turning  or  threading. 

For  narrow  cuts,  approximately  170  teeth  may  be  relievc*ii 
per  minut«;  but,  for  very  wide  forming  tools  the  speed  may  ha\\ 
to  be  reduced  to  8  or  10  teeth  per  minute  depending  on  th:- 
width  of  the  cut.  The  tool  slide  should  be  adjusted  to  move 
freely  but  not  loosely. 

83.  Feed  for  relieving  may  be  considerably  more  than  .001'' 
for  each  revolution  of  the  cutter  for  the  first  cuts;  but  for  the 
last  few  finishing  cuts,  the  feed  should  be  less  than  .001"  to 
insure  smoothness. 

84.  Lubricant.  —  All  work  is  reUeved  dry. 

86.  Coloring  the  cutter.  —  To  plainly  see  the  cutting  actiori 
of  the  tool,  and  to  know  when  to  stop  relieving,  the  cutter  shoulrl 
be  colored  by  dipping  it  into  a  strong  solution  of  copper  sulphate.  ' 
or  by  heating  it  to  a  blue. 

86.  To  prepare  and  flute  formed  milling  cutter  blank.  — 

Chuck  out  an  annealed  high-speed  or  carbon-steel  disk. 

Press  a  mandrel  firmly  into  the  hole.  Face  both  sides  and 
rough  turn  curved  parts  to  approximate  shape. 

Fasten  forming  tool,  that  is,  the  tool  to  be  used  in  relieving, 
in  tool  post,  at  right  angles  to  axis  of  work,  and  adjust  it  to 
height  of  centers  and  finish  form  cutter  blank  to  shape.  Xext, 
mill  flutes  in  blank  with  an  angular  cutter  (30**  to.  45*^  with 
points  of  teeth  rounded)  to  give  the  required  number  of  teeth 
and  ample  chip  room.  The  cutter  is  now  ready  to  be 
reheved. 

Attention.  —  Eccentrically  reheved  cutters  are  usually  made 
with  fewer  and  thicker  teeth  than  ordinary  cutters;  this  pro- 
longs the  life  of  the  cutters  as  they  may  be  repeatedly  sharp- 
ened and  used  until  the  teeth  are  very  thin  and  liable  to 
break. 


\ 
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.  87.  To  relieve  formed  milling  cutter,  Fig.  63.  —  Press 
ci.£ijidrel  firmly  ihto  cutter  as  the  cutter  must  not  slip  on  man- 
Irel.  Fasten  dog  firmly  on  mandrel,  and  wedge  or  otherwise 
confine  tail  of  dog  in  the  slot  in  face  plate  to  avoid  back  lash. 
Z^lamp  forming  tool  G,  or  a  flat  forming  cutter  of  the  desired 
^IzkSkpe,  firmly  in  a  tool  holder  in  tool  post,  at  right  angles  to  axis 
z>f  cutter  Hy  and  at  height  of  lathe  centers.  Adjust  the  tool  by 
□cxeans  of  cross  slide  and  carriage,  to  fit  the  cutter,  then  clamp 
0£i.rriage  to  lathe  bed. 

Select  the  change  gears  to  drive  the  attachment  from  the 

t.£bble  to  index  the  required  number  of  teeth  or  flutes  in  cutter. 

Arrange  gears  on  stud  and  cam  shaft.    To  adjust  movement 

of  tool  slide  so  that  forward  movement  of  tool  will  meet  cutting 

edge  of  tooth  and  promptly  return  after  passing  heel  of  tooth, 

drop  a  tooth  in  change  gears.    Then  adjust  tool  to  aline  with 

'the  cutting  edge  of  tooth,  and  rotate  the  lathe  spindle  forward 

a  few  revolutions  by  hand  and  observe  action  of  tool  in  relation 

to  the  teeth  of  cutter.    If  tool  does  not  meet  the  cutting  edge 

of  a  tooth  and  promptly  return  after  leaving  the  heel,  repeat 

the  adjusting  operation.    See  p.  332. 

When  the  movement  of  the  tool  in  relation  to  the  teeth  is 
timed  correctly,  the  process  of  relieving  the  teeth  may  begin. 

Move  tool  forward  to  touch  a  tooth  near  the  heel.  Start  the 
lathe  and,  after  each  revolution  of  cutter,  move  tool  forward  one- 
thousandth  of  an  inch  or  less  by  advancing  the  cross  feed.  Each 
cut  begins  nearer  the  front  of  the  teeth.  When  the  cutter 
reaches  the  cutting  edge  of  the  teeth,  the  relieving  process  is 
finished.  After  hardening  and  tempering,  the  cutter  may  be 
sharpened.    See  pp.  823,  824. 

88.  To  measure  relief  of  formed  miUing  cutter  place  the 
cutter  on  a  mandrel,  mount  on  centers,  revolve  by  hand  and 
with  a  dial  test  indicator,  see  p.  12 12  (or  with  tool  in  tool  post 
and  rule),  measure  the  distance  between  the  cutting  edge  and 
heel  of  a  tooth.  This  difference  is  the  relief  or  clearance.  For 
general  purposes  the  relief  may  be  about  .010"  for  each  iV"  of 
thickness  of  tooth  measured  on  the  circumference. 
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Exampk. — A  tooth  \"  thick  would  have  .040"  relirf;  a 
tooth  fy"  thick,  .050";  a  tooth  j"  thick,  .060". 

Attention.  —  The  teeth  of  fonned  milling  cutters  are  some- 
times remilled  after  relieving  which  pves  them  a  sharper  edge 
and  reduces  the  amount  of  grinding. 

89.  To  relieve  a  large  concave  fonned  cutter,  A,  Kg.  M.  — 
The  process  of  relieving  this  cutter  is  the  same  as  for  the  concave 
cutter,  fig.  63,  except  that  the  speed  must  be  much  slower  and 
the  cuts  lighter. 


Fia.  64.  —  Reueyinq  Larqe  Concavi  Fobmed  Cdtwk. 

90.  To  relieve  aide  of  angular  fonned  cutter,  A,  Fig.  65.  — 
The  cutter  relieving  attachment  can  be  used  not  only  to  rdie^'e 
the  teeth  of  cutters  parallel  to  the  axis,  but  also,  to  give  side 
reUef  (90°),  or  rebef  at  any  ar^e  to  the  axis,  as  in  Fig.  65.  The 
swivel  tool  slide  is  set  perpendicularly  to  the  surface  to  be  re- 
lieved. The  proper  gears  for  indexing  are  selected  and  arranged' 
The  relieving  tool  is  fastened  in  the  tool  post,  and  the  process  of 
operatii^  is  the  same  as  for  the  convex  cutter.  Fig.  63. 
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Inft/rmation.  —  Formed  milling  cutters  need  not  be  made 
to  exact  diameterB  but  the  curvature  should  be  accurate. 


Fig.  85.  —  Rbuevino  Anoulab  CurraB, 


01.  To  relieve  a  counterbore  (side  relief).  —  The  method 
of  giving  ade  relief  to  the  cutting  teeth  of  a  counterbore  is  shown 
at  Ay  Y\g.  66.  The  swivel  tool  shde  is  set  perpendicularly  to 
the  ends  of  the  teeth,  and  two  universal  joints  B  and  C,  are 
added  to  the  oscillating  shaft  which  allows  the  tool  slide  to  be 
swiveled  to  a  90''-angle. 

92.  Hand  taps,  as  shown  in  Fig.  67,  are  made  in  sets  of 
three  and  are  used  for  general  purposes  in  machine  building. 
The  tapered  tap  A  is  turned  taper  from  5  to  8  threads  from  the 
bottom  of  the  thread  at  the  end  to  the  full  diameter.  Some 
taper  taps  are  made  with  leaders  or  guides;  that  is,  3  or  4 
threads  at  the  pdnt  are  turned  off,  straight,  down  to  the  bottom 
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of  the  thread  so  as  to  enter  the  drilled  hole,  then  5  or  6  threads 
are  turned  taper. 

The  plug  tap  B  is  tapered  or  chamfered  from  2  to  4  threads 
at  the  point,  and  one  thread  of  the  bottoming  tap  C  is  chamfered. 


Fia.  66,  —  Reubvino  Countbrbobi:. 


Taps  for  special  purposes  are  obtainable  or  may  be  made, 
6uch  as  long  pulley  taps,  long  nut  taps  for  tapping  nuts  in  tap- 
ping machines,  hob,  or  master-taps  made  slightly  taper  for 
tapping  dies,  taps  for  turret  lathes  and  screw  macliines  with 
special  shanks  to  fit  holders,  staybolt  taps  for  boiler  work,  pipe 
taps  both  straight  and  taper,  and  machine  screw  tape. 

93.  Hand  relieved  taps.  —  A  hand  method  of  relieving  or 
backing  off  a  tap  is  to  color  the  tap,  Art.  85,  p.  1272,  in  order  to 
see  more  clearly  where  the  file  is  cutting.  Then,  with  a  fine  file 
of  suitable  shape,  start  at  the  heel  of  a  tooth  and  file  the  metal 
away  from  about  two-thirds  of  its  top  and  sides  and  from  the 
bottom  of  the  space  to  give  a  circular  relief  or  clearance  from  ,i° 
to  10°,  leavii^  one-third  of  the  tooth  back  of  the  cutting  edge 
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full  rise.  Repeat  this  process  on  each  tooth.  The  top  of  the 
tapered  threads  at  the  end  of  a  tapered  plug  or  bottoming  tap,  - 
as  shown  in  Fig.  67,  are  filed  flat  to  give  a  full  relief  or  clearance 
from  5*  to  10"  up  to  the  cutting  edge  of  the  t«eth  to  facilitate 
starting  the  tap.  The  angle  in  the  thread  of  the  tapered  part 
of  a  tap  ia  often  given  a  relief. 


CH    ffi 


FfO.  67.  — Set  op  Hand  Taps 


The  thread  relief  on  small  taps  up  to  J"  in  diameter  with  fine 
pitches  is  often  omitted.  By  filing  the  tops  of  a  few  teeth 
tapering  at  the  end,  and  with  a  sharp,  flat  relief,  the  tap  will  cut 
satisfactorily.  Body  rehef,  or  back  taper,  is  often  given  both 
lai^  and  small  taps  by  setting  the  lathe  to  thread  the  tap  at  a 
Bl^t  taper  toward  the  shank  of  about  .001"  to  1"  and  then 


1878  ADVANCED  MACHINE  WORK 

filing  a  sharp,  Sat  relief  or  clearance  on  the  top  of  the  t,^)ef«d 
threads  at  the  end. 

94.  Machine  relieved  tapa,  —  The  moet  modem  method 
of  relieving  taps  is  to  use  a  cutter  relieving  attachment,  as  od 
p.  1271,  or  a  special  relieving  machine,  and  to  relieve  but  j  of  a 
tooth  on  top  and  sides  and  at  botttmi  of  space,  an  la  Fig.  6^ 


»k-i-  *iJFU 


Pill.  68.  —  Section  or  Tap  Showing  Relief  Givbk  Tebts. 


leaving  \  of  the  tooth  back  of  the  cuttii^  edge  full  sate.  This 
method  prolongs  the  accurate  life  of  a  tap,  as  it  may  be  re- 
peatedly reground  radially  without  reducing  its  mayimiim  cut- 
ting diameter.    See  p.  823. 

The  tops  of  the  tapered  teeth  at  end  may  be  relieved  with  the 
relieving  attachment,  or  they  may  be  milled  or  filed. 

96.  To  relieve  a  right-hand  tap.  —  The  method  of  rdievinj 
a  right-hand  tap  ia  shown  at  A,  fig.  69.  The  tap  is  made  in  ^^^ 
T^uiar  way  by  threading,  grooving,  and  tapering  the  fid- 
See  pp.  1215-1223. 

Use  the  same  gears  as  for  threading;  also  select  and  arrengB 
the  gears  to  drive  the  attachment  to  index  the  number  of 
grooves  or  "  lands  "  of  the  tap.    Set  the  threading  tool  the  aanw 
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aa  for  threading.  Drop  a  tooth  in  change  gears  and  adjust  tap 
until  tool  will  accurately  fit  a  thread  space.  See  Art.  65,  p.  332. 
Then  arrange  motion  of  tool  elide  so  that  the  forward  move- 
ment of  the  tool  will  meet  front  of  teeth  and  promptly  return 
after  leaving  heet  of  teeth. 


Fi<3.  69.  —  REUEVufo  RioHT  Hand  Tap. 

The  process  of  relieving  the  tap  is  umilar  to  that  of  threading 
a  tap :  Arrange  the  thread  stop.  Set  tool  to  cut  near  the  heel 
of  a  tooth.  Move  tool  forward  one-thousandth  of  an  inch  or 
leas,  then  start  lathe  and  at  the  end  of  the  cut  withdraw  tool  and 
reverse  lathe.  See  Catching  the  Thread,  pp.  336,  337.  Repeat 
this  process  until  about  two-thirds  of  a  tooth  is  relieved  which 
leaves  one-third  of  a  tooth  back  of  the  cutting  edge  the  full  size. 

96.  To  relieve  left-hand  taps.  —  Left-hand  taps  may  be 
relieved  by  either  of  two  different  methods. 

The  first  vuAhod  is  to  leave  an  exten^on  at  the  end  of  tap. 
The  tap  is  then  placed  on  centers,  reversed  with  the  exten^on 
on  the  live  center,  and  the  process  is  then  the  same  as  for  re- 
lieving a  righb-haad  tap. 
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Th£  second  method  is  to  mount  tap  ott  centers  in  the  same  mv 
that  a  right-hand  tap  is  mounted,  but  set  travel  of  tool  slide  the  { 
same  as  for  inside  relief,  see  Fig.  70,  and  start  too!  at  heel  of 
tooth  terminating  cut  at  the  front  of  the  tooth,  the  tool  moving 
ouiteard  during  the  cut.  This  is  obtuned,  on  some  types  of 
relieving  attachments,  by  adjusting  the  toothed  coupling  of 
cam  lever  and  oscillating  shaft  beyond  the  zero  mark  {dock- 
wise)  to  secure  the  dedred  movement  of  tool  slide;  andoQotber 
types,  by  moving  connecting-rod  bolt  to  the  opposite  side  of 
center  in  the  radial  slot  in  disk.  ' 

97.  To  relieve  threading  dies  (inside  relief)  or  hollow  mills- 
—  The  method  of  inside  relieving  for  threading  dies,  or  hollow    I 
mills,  is  shown  at  A,  Fig.  70. 


TURBADINQ    DiB. 


The  die  is  turned,  threaded,  and  grooved  in  the  r^ular  way- 
Set  die  true  in  the  chuck  testing  it  with  a  test  indicator.  See 
pp.  1210-1213.  Gear  lathe  the  same  as  for  relieving  a  t&p,^"^ 
set  inside  threading  tool  the  same  as  for  threading  and  adjust 
it  to  fit  a  thread  space.     Set  eccentric  controlling  travel  of  twJ 
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slide,  to  move  ouMj/ /rom  instead  ot  toward  asds.  On  some  types 
of  relieving  attachments  this  is  obtained  by  rolling  the  toothed 
coupling  beyond  the  zero  mark  (clockwise) ;  on  other  types  by 
setting  connecting  rod  bolt  beyond  center  in  rocker-head  slot. 

The  process  of  operating  the  lathe  to  reheve  the  die  is  the 
^me  as  for  a  tap. 

Warning.  —  The  position  of  the  opposing  spring  inside  tool- 
slide  hood,  must  be  changed  so  that  it  will  press  against  the  end 
of  slide  to  prevent  too!  jumping  into  work  when  In  cut. 

98.  To  relieve  a  straight  fluted  hob.  —  Hobs  of  fine  pitches 
nre  generally  fluted  straight. 

The  setr-up,  arrangement  of  gears,  and  process  for  relieving 
straight  fluted  hobs,  is  similar  to  the  method  used  in  reheving 
straight  grooved  taps.  Fig.  69. 


Flo.  71.  —  Reuevino  Hob  with  Spibai.  Flcteb. 

99.  To  relieve  spiral  fluted  hobs  and  taps.  — The  method  of 
relieving  a  spiral  fluted  hob  is  shown  in  Fig.  71.  The  gears  to 
index  the  number  of  flutes  in  hob  may  be  obtained  from  the 
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table,  but  the  compensating  gears  for  the  angle  of  the  B|Hral 
must  be  calculated  and  added  as  a  compound.  See  pp.  tn. 
335.  I 

S{Hral  fluted  hob  A  may  be  angle  or  multiple  threaded  ud  | 
may  have  been  threaded  in  a  thread  miller,  see  pp.  1048, 10«. 
or  in  an  engine  lathe. 

Gear  Uthe  for  threading  the  required  pitch  of  hob,  thai  grar 
attachment  for  the  number  of  flutes  and  an^e  of  s[uraL  Set 
tool  fi  to  fit  the  thread  spaces,  and  correctly  time  movanent  of 
tool  in  relation  to  teeth  of  hob. 

After  the  lathe  attachment  and  tools  are  properiy  set  up,  the 
process  of  reheving  a  spiral  fluted  hob  is  the  same  as  for  a  strai^t 
fluted  hob  or  for  a  tap. 

Attention.  —  For  large  hobs,  the  top  and  mdes  of  the  teeth 
and  the  bottom  of  the  spaces  must  be  relieved  by  suitable  toi^ 
and  separate  operations. 

100.  Spiral  fluted  hob,  Fig.  72,  is  fluted  at  light  angles  (90°) 
to  the  thread,  which  makes  the  cutting  action  of  the  tooth  more 
efi'ective  than  a  atrwght  flute.  , 


90* 


\ 


A. 


Flo.  72.  — Hob  SpmALLr  Flctbd  at  Right  Anqlbs  to  Tbbua 
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The  gears  for  a  straight  fluted  hob  or  tap  may  be  obtained 
from  the  index  or  table  furnished  with  the  attachment;  but  to 
relieve  a  spiral  fluted  hob  or  tap  additional  compensating  or 
compound  gears  must  be  obtained  by  calculation  and  used  in 
conjunction  with  the  index  gears  to  compensate  for  the  angle 
of  the  spiral  flute.  In  the  calculation,  however,  it  is  usually 
necessary  to  sUghtly  modify  the  angle  of  the  flute  in  order  to 
use  available  gears. 

101.  Method  of  computing  change  gears  used  on  lathe 
attachment  for  relieving  spiral  fluted  hobs  and  taps. 

Deduction  of  formulas,  —  To  obtain  the  lead  of  the  spiral 
which  is  at  right  angles  to  the  thread,  the  following  symbols  and 
formulas  are  used,  Fig.  73. 

C  ^  ab  ^  circumference  of  hob  at  pitch  line. 

L  =  be  =  lead  of  thread. 

P  =  ad  ^  lead  of  spiral  or  flute. 


L   c 
PiQ.  73.  —  Diagram  op  Hob. 

Note.  —  Pig.  73  represents  a  unit  section  of  hob  with  ca  equal- 
ing one  complete  turn  of  spiral,  ad  unit  of  straight  flute,  and  ac 
representing  the  thread.    By  plane  geometry  (similar  triangles) 

it  can  be  proved  that  -r—  =  ad  or  P  —  y' 

Gear  ratio.  —  In  calculating  the  change  gears  it  will  first  be 

assumed  for  simplicity,  that  there  is  only  one  spiral  flute. 

For  a  straight  flute,  the  number  of  teeth  represented  by  ad 

would  equal  the  length  of  the  hob  divided  by  lead  of  thread,  or 

p 
it  may  be  expressed  by  the  fraction  y.    When  a  spiral  flute 

{hd)  is  considered,  it  can  be  seen  that  there  is  one  more  tooth  on 
spiral  flute  than  on  straight  flute. 
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p 
Hence,  number  of  teeth  for  straight  flute  =  y-  =  M,  and 

p 
number  of  teeth  for  spiral  flute  =  y-  +  1  =  ^. 

Therefore,  t\k  ratio  of  gears  required  for  oompensating  for 

N 
the  spiral  flute  is  j^- 

Note.  —  To  flute  a  right-hand  tap  right-handed,  the  fornwiJbi 

P  P 

for  the  ratio  iV  =  j-  +  1  becomes  iV  =  y  —  1. 

For  any  number  of  flutes,  the  compensating  gears  are  used  in 
compoimd  with  those  called  for  on  the  index  for  the  required 
number  of  flutes. 

Example,  —  A  hob  has  a  pitch  circumference  of  3.464",  a  angle 
thread  of  .750"  lead,  and  6  flutes. 

Solviion.  —  By  formula 

lead  of  spiral  =  g  =  ^^*  =  ^  =  16.000. 
Then       M  =  ^  =  f    and    iV  =  |+l=f +1 


Ratio  = 


=  21J  =  221 

22i      67 


21J      64 

There  the  compensating  gears  can  be  67  and  64  respectively, 
67  being  the  driver. 

For  6  flutes  the  index  calls  for  a  60-gear  on  stud  and  40  on 
cam  shaft.  Placing  the  compensating  gears  on  the  radius  bar, 
the  train  will  be  as  follows: 

Stud,  60. 

Intermediate,  64-67. 

Cam  shaft,  40. 

Oftentimes  the  gear  ratio  will  be  so  near  unity  that  if  only 
two  gears  were  used  they  would  be  excessively  large.  To  over- 
come this,  trial  calculations  must  be  made  to  establish  a  train 
of  gears  to  approximate  the  required  ratio. 

Example,  —  A  hob  has  a  pitch  diameter  of  2.00",  a  single 
thread  of  .3145"  lead,  and  10  flutes. 
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Sahdion.  —  By  formula  pitch  circumference  =  pitch  diam- 
eter XT.     C  =  2.00  X  3.1416  =  6.2832 

Hence,  lead  of  spiral  =  t  ~     '  ^.ig    " 

„,  ir      125.50  „      125.50  ,  , 

^*^^^       ^  =  -:3i45-'     ^  =  -:3i45+i 

125.50      ^ 

N  _  -3145  '3145  oft2.'>064 

M~      125.50         ^^125.50      ^•^^^^^^^• 

.3145 

As  this  ratio  is  so  near  unity,  the  use  of  two  gears  is  pro- 
Viibitive.  Therefore,  a  suitable  train  of  gears  to  produce  this 
ratio  must  be  foimd.  In  determining  these  gears,  first  assume 
four  gears  of  a  size  supphed  with  lathe  and  which  will  readily 
fill  the  space  between  stud  and  cam-shaft  gears.  In  this  in- 
stance 2-40's  and  2--60's  are  assumed,  making  the  ratio  77; — r;r' 

'  ^  40  X  60 

Then  the  gears  forming  the  M  portion  of  the  ratio  are  increased 

and  reduced  in  size  until  a  ratio  is  obtained  approximate  to  the 

one  desired.     In  this  instance  it  was  found  by  trials  that  M 

gears  will  be  38  and  63  teeth.    Therefore,  the  gear  train  will  be 

40  X  60 

r- — — ,  making  the  ratio  1.0025062,  an  error  of  only  2  parts 

oO  X  Ou 

in  the  8th  place. 

For  10  flutes  the  index  plate  calls  for  70  gears  on  stud  and  28 
gears  on  cam  shaft. 

Hence,  the  gear  train  will  be  as  follows: 

Stud,  70. 

Intermediate,  40-38-60-63. 

Cam  shaft,  28. 

It  is  evident  that  as  lead  of  the  hob  thread  is  reduced  as  for 
fine  threads,  the  gear  ratio  must  approach  unity.  To  facilitate 
calculation  in  these  instances,  the  gear  ratio  is  equal  to  1  +  tan* 
a  where  a  is  the  angle  of  hob  thread  or  angle  baCy  see  Fig.  73. 

102.   Cutter  relieving  machine,  Fig.  74.  —  This  machine  is 
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designed  to  ^ve  straight  angular  or  end  relief  to  formed  cut- 
ters of  all  sizes  up  to  13^  inches  in  diameter  and  with  any  number 
of  flutes  from  1  to  28,  and  any  even  number  of  flutes  from  28  to 
42. 

A  dngle-throw  cam  ^ving  relief  from  zero  to  ^"  is  carried 
by  a  cam  slide  which  is  adjustable  to  any  angle  desired.  By 
means  of  a  double  adjustable  tool  block,  the  forming  to(d  may 
readily  be  placed  in  proper  relation  to  the  cutter.  Adjustment 
is  provided  for  bringing  the  cutter  in  proper  relation  to  the 
forming  tool  without  loosening  the  cutter  on  the  arbor  or  re- 
adjusting the  change  gears.  A  table  of  change  gears  furnished 
with  the  machine,  gives  the  gears  for  indexing  different  numbers 
of  flutes  in  cutters. 


FlO.  74.  —  CUTTBB  RBUBVING  MACHnOB. 


GREEK  LETTERS 


1287 
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LtSrXTKB. 

Namb. 

Nams. 

A              CK 

Alpha 

N       w 

Nu 

B         /J 

Beta 

S      £ 

Xi 

r        T 

Gamma 

0       0 

Omidon 

A        a 

Delta 

II      w 

Pi 

E         c 

Epeilon 

P       P 

Rho 

z      r 

Zeta 

2       ir 

Sigma 

H        IV 

Eta 

T       r 

Tau 

e       9 

Theta 

T       V 

Upolon 

I       t 

Iota 

♦       * 

Phi 

K        ic 

Kappa 

X       X 

Chi 

A         X 

Lambda 

«     ^ 

Psi 

M        M 

Mu 

0        w 

Omega 

1 
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SECTION  13 

NSPECTION,    LIMIT    SYSTEM    OF    MANUFACTUR- 
ING, INSPECTION  OF  MACHINE  PARTS 

ntroduction.    Limit  System  of  Manufacturing.    Limit  System  on  Draw- 
ings.    Equipment  for  Inspection.    Limit  Gages.    Combination  Gage 
Blocks.    Construction  of  Gages.    Indicating    Gages.    Fluid 
Gage.    Metric  Micrometer.    Inspection  of  Machine  Parts. 
Inspection  Organization.    General  Inspection  Methods. 
Special  Forms  of  Inspection.    Devices  and  Machines 
for  Inspecting  Small  Parts. 

INTRODUCTION 

!•  Inspection  may  be  called  an  official  examination  of 
articles  or  things  to  determine  quality,  accuracy,  finish  and 
interchangeability,  and  dates  back  to  prehistoric  times. 

Primitive  man  inspected  the  natural  materials  which  he 
used  in  obtaining  his  living,  building  his  home  and  the  rafts 
and  boats  which  he  utilized  for  transportation.  In  fact,  there 
is  nothing  useful  or  ornamental  in  the  life  of  man  that  has  not 
been  subjected  to  some  form  of  inspection. 

While  machines  and  machine  parts  were  inspected  to  some 
extent  by  manufacturers  as  far  back  as  1800,  it  is  only  in  recent 
years  that  inspection  has  been  given  the  attention  and  the 
importance  it  deserves. 

The  old  way  of  building  a  machine  was  to  fit  one  part  to 
another  and,  if  it  worked  well,  it  was  considered  good  enough. 
Little  attempt  was  made  to  establish  strict  standards  of 
measurement,  or  interchangeability  of  parts. 

2*  Early  forms  of  inspection.  —  Inspection  of  machines  for 
accuracy  was  the  work  of  the  first  inspectors.  The  various 
parts  were  fitted  together  and  assembled  to  give  a  smooth- 

1901 
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ruDDing  unit.  The  completed  machine  was  then  inspected 
for  accuracy  with  reference  to  performing  the  work  for  which 
it  was  designed. 


Fio,  1,  —  Group  of  Bench  Ikspbctoks. 

3.  The  installation  of  inspection  systems  has  en&bW 
manufacturers  to  increase  production  and  promote  inter- 
changeability  of  machine  parts.  The  use  of  machines  which 
now  enters  into  every  phase  of  modem  life,  made  it  necessan' 
to  develop  methods  by  which  machine  parte  could  be  manu- 
factured in  large  quantities  and  assembled,  or  repaired  by 
substituting  new  parts  for  old  ones,  without  the  help  of 
machines  or  skilled  mechanics.  Furthermore,  mEkchines 
fabricated  in  places  other  than  where  they  are  nmnufactured. 
require  that  the  parts  have  a  high  degree  of  interchange- 
ability. 
■    Production  inspection  is  now  one  of  the  most  important 
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operations  in  modern  manufacturing,  and  this  importance  is 
emphasized  by  the  necessity  and  difficulty  of  maintaining 
i,nd  controlling  qiwlity  while  keeping  up  quantity  production. 

Information.  —  While  the  larger  part  of  inspection  is  for  inter- 
^hangeability  of  machine  parts,  some  classes  of  work,  such  as  assembled 
macbine  tools,  are  inspected  for  the  accuracy  and  quaUty  of  the  work 
they  'wiU  produce.    Inspection  for  quaUty  of  finish  ia  also  made. 

4.  Combination  of  limit  and  inspection  systems.  —  The 
adoption  of  a  suitable  limit  system  together  with  proper  in- 
spection methods  will  permit  the  employment  of  unskilled 
labor  for  many  operations  with  satisfactory  results.  Gener- 
ous or  large  limits  whenever  practicable  give  the  workman 
sufficient  leeway,  make  possible  the  acceptance  of  more  of  his 
work,  and  allow  him  to  produce  work  at  a  rate  of  speed  which 
would  otherwise  be  unattainable.  See  Dimension  Limit 
System,  p.  2l3. 


Fig.  2.  —  Testing  Short  Taper  wrre  Special  Gage. 


THE  LIMIT  SYSTEM  OF  MANUFACTLTIING 

6.  The  limit  system  of  manufacturing  is  a  method  of  pro- 
ducing work  just  accurate  enough  to  be  suitable  for  the  pur- 
pose for  which  it  is  to  be  used.  This  system  recognizes  that 
it  is  impossible  to  produce  work  exactly  to  the  nominal  size 
either  by  hand  processes  or  machine  processes  for  there  is 
always  some  difference  between  the  actual  and  the  desired 
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dimension;  exact  duplication  of  parts  a  likewise  impossible. 
Therefore,  some  definite  leeway  is  allowed,  that  is,  maximum 
and  minimum  limits  are  given  within  which  it  is  only  neces- 
sary to  keep  the  dimensions  to  make  the  work  suitable  for  use. 
The  limit  system  is  now  recognized  as  the  only  method  by 
which  duplicate  and  interchangeable  parts  can  be  commer- 
cially produced. 

AOenlum.  —  Unnecessary  and  unreasonable  accuracy  complicate 
tool  making  and  manufacturing  and  increases  the  cost  of  production. 

6.   limit  defined.  —  Limit  is  the  dimension  beyond  which 
the  work  must  not  extend.     For  example,  if  the  nominal 


Fia.  3.  —  Inspectino  Bolt  With  Lenqtb  Gage. 

diameter  of  a  shaft  is  one  inch  and  it  is  planned  to  fix  the  over- 
t^ize  at  0.001",  and  the  undersize  at  0.001",  the  muTimum  limit 
will  be  1.001"  and  the  minimum  limit  0.999", 

7.  Tolerance  defined.  —  Tolerance  is  the  difference  be- 
tween the  maximum  and  minimum  limits  (sizes).  For  example, 
if  the  maximum  limit  of  a  dimension  is  1.001"  and  the  mini- 
mum limit  0.999",  the  tolerance  would  be  0.002". 

The  difference  between  the  nominal  size  and  mftTimnm 
limit  is  the  plus  tolerance,  and  between  the  nominal  size  aod 
minimum  size,  the  minus  tolerance.  Plus  and  minus  toler- 
ances may  or  may  not  be  equal. 
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8.  Allowance  defined.  —  Allowance  is  the  difference  in 
diameter  between  the  hole  and  shaft  for  fits,  such  as  forcing, 
driving,  running,  and  sliding  fits.  For  example,  if  the  nom- 
inal size  of  a  hole  is  one  inch  and  the  allowance  of  the  shaft  for 
a  running  fit  is  0.001'',  the  shaft  will  be  0.999"  in  diameter. 
Again,  if  the  size  of  the  hole  is  one  inch  and  the  allowance  for 
a  forcing  fit  is  0.002",  the  shaft  will  be  1.002"  in  diameter. 
See  Fits  in  Machine  Construction  with  Tables  of  Allowances, 
p.  2l4. 

Infarmatim,  —  Allowances  are  subject  to  maximum  and  minimum 
limits,  and  should  be  distinguished  from  tolerances. 

9.  Limit  of  accuracy,  or  permissible  error  for  machine  parts 
in  manufacturing,  depends  upon  the  kind  and  character  of 
the  work. 

In  manufacturing  a  machine  or  its  component  parts,  definite 
requirements,  as  set  forth  by  specifications,  drawings,  or 
models,  are  necessary.  Since  nothing  can  be  made  exactly 
to  the  nominal  size,  it  is  determined  beforehand  how  large  or 


Pig.  4.  —  Testing  Ring  Gage  with  Gage  Blocks. 

how  small  parts  may  be  and  yet  be  suitable  for  the  work  for 
which  they  were  designed.  These  limits  and  tolerances  are 
not  left  to  the  skill  and  judgment  of  the  workman  as  in  former 
times,  but  are  passed  upon  by  the  engineering  department 
and  management  before  the  actual  manufacturing  begins. 

10.  To  establish  limits  and  tolerances.  —  First,  the  service 
which  the  machine  is  to  perform,  or  the  work  it  is  to  produce, 
should  be  considered;    second,  the  method  of  building  the 
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machine  together  with  the  making  of  the  component 
especially  in  relation  to  the  limits  and  tolerances  permissible 
should  be  given  attention;  then,  the  limits  and  tolerances  for 
the  different  machine  parts  may  be  established.  Limits  and 
tolerances  are  also  determined  by  the  quality  of  the  work 
required  to  facilitate  quantity  production  and  still  majntain 
the  accuracy  desired.  For  some  parts  it  may  be  necessary  to 
make  the  tolerance  as  small  as  0.0001^';  for  the  other  parts 
the  tolerances  may  be  0.0005",  0.001",  0.002",  0.003",  0.004", 
0.005",  0.01",  iV'S  or  any  amount  that  is  found  reasonable. 
Close  limits  are  expensive  to  produce  and  wide  limits  may 
prove  destructive  to  the  result  desired. 

Limits,  once  established,  should  be  maintained,  otherwise 
a  repair  part,  made  this  year  to  replace  one  made  five  yeais 
ago,  will  not  be  a  duplicate,  and  much  "  fitting-time  "  may  be 
found  necessary  in  order  to  utilize  the  new  part. 

Information,  —  Tolerances  should  be  made  as  large  as  possible  rather 
than  as  small  as  possible. 

THE  LIMIT  SYSTEM  ON  DRAWINGS 

11.  The  limit  system  of  dimensioning  drawings.  —  The 

ordinary  method  of  dimensioning  drawings  by  the  use  of  a 
single  dimension  does  not  express  limits;  two  dimensions  are 
necessary. 

Various  methods  are  used  for  expressing  limits  but  the  plus 
and  minus  methods,  the  double-dimension  method,  and  the 
combination  method,  are  the  ones  most  available. 

12.  The  plus  and  minus  methods  express  the  nominal 
dimension  and  the  tolerance  in  two  forms. 

The  first  form  uses  the  tolerance  as  a  decimal  after  the 

nominal  dimension,  and  is  expressed  as  2.000  dt  or  _  (plus  or 
minus)  0.002,  see  Fig.  5.    When  the  plus  and  minus  tolerances 

"^  0  003 

are  unequal  the  dimension  is  expressed  as  2.000  J_  q  001* 

The  second  form  expresses  the  tolerance  as  a  single  digit 
after  the  nominal  dimension,  as  in  Fig.  6.    This  single  figure  is 
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the  number  of  units  for  the  tolerance  expressed  in  the  last 
figure  of  the  nominal  dimension.  For  example,  0.875  dt  2  shows 
that  the  upper  limit  is  0.877''  and  the  lower  limit  0.873''  and 
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Fig.  6.  —  Exprbssinq  Lnors  by  thb  Plus  and  Minus  Single- 

Digit  Method. 

that  the  tolerance  is  0.004".  Again,  if  the  dimension  is 
expressed  as  0.9827  —  2,  the  upper  limit  is  0.9827",  the  lower 
limit  is  0.9825"  and  the  tolerance  is  0.0002". 
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Flo.  8.  —  ExpREBsiNO  Limits  bi  the  Combination  Method. 
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13.  The  double-dimension  method,  Fig.  7,  expresses  the 
dimension  by  giving  the  upper  and  lower  limits  on  the  drawing, 
one    above   the   other.    For  example,   if  the  dimension   is 

expressed  as  ][  0020  ^^^  upper  limit  is  1.0025",  the  lower  limit 

1.0020"  and  the  tolerance  is  0.0005" 

14.-  The  combination  method,  Fig.  8,  designates  dimen- 
sions by  binary  fractions  and  expresses  the  tolerances  by 
decimals,  adding  L  for  large  and  S  for  small.    For  example, 

in  Fig.  8  the  diameter  of  the  body  of  screw  is  given  as  g  jo  002  '^  I  • 

This  means  that  the  upper  Umit  is  0.875"  minus  0.001"  or 
0.874",  and  the  lower  limit  is  0.875"  minus  0.002"  or  0.873." 
See  Dimension  Limit  System,  p.  2l3. 

16*  To  measure  work  produced  by  the  limit  system  requires 
some  form  of  measuring  tool  or  gage  which  will  show  or  indi- 
cate whether  or  not  the  part  is  within  the  designated  limits 
and  may  be  accepted,  or  above  or  below  these  Umits  and  must 
be  rejected.  Since  there  are  two  dimensions  for  each  nominal 
size,  it  is,  therefore,  necessary  to  have  two  gages  for  each 
nominal  dimension.  Instruments  commonly  used  for  this 
work  are  called  "  Umit  gages,"  and  are  obtainable  in  various 
forms.    See  Standard  and  Limit  Gages,  p.  223. 

EQUIPMENT  FOR  INSPECTION 

16.  The  general  equipment  of  tools  usually  found  in  a 
modem  machine-shop  tool  room,  and  which  is  shown  in  the 
charts,  Figs.  9-14,  may  be  used  for  inspecting  machine  parts 
and  assembled  machines.  Most  of  the  tools  shown  in  the 
charts  are  of  standard  make,  readily  obtainable,  and  will  be 
found  sufficient  for  the  inspection  of  many  parts  of  all  machines. 

There  are  machine  parts,  however,  which  cannot  be  in- 
spected or  tested  with  standard  tools.  For  these  parts  single- 
purpose  or  special  tools  and  gages  are  designed  and  made 
when  manufacturing  is  started. 
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17.  Names  and  uses  of  inspection  tools,  gages,  and  instru- 
ments in  charts,  pp.  13io  — 13i8. 


Name. 


Double-ended  external  "go" 

and  "no-go"  limit  gage. 
Standard  ring  gage. 

Standard  plug  gage. 

Single-ended  external  "  go " 
and  "no-go"  limit  gage. 

Double-ended  "go"  and  "no- 
go"  plug  gage. 

Gage  blocks. 

External  limit  gage. 

Ball  plug  gage. 

Concentricity  or  line  gage. 

Rapid  inspection  limit  gage 

(adjustable). 
Inside  micrometer  caliper. 

Adjustable  limit  snap  gage 
(standard  pattern). 

Micrometer  depth  gage. 
Inside  micrometer  caliper. 

Two-inch  standard  microm- 
eter caliper. 

One-inch  standard  gage. 
One-inch    direct-reading    mi- 
crometer caliper. 

Univeraal  dial  test  indicator. 


Set  of  standard  thickness  or 

feeler  gages. 
Test  indicator. 

Standard  test  mandrel. 

Test  indicator. 

Set    of    standard    fillet    and 
radius  gages. 


L'»E. 


To  gage  lengths  in  production  work. 
See  p.  13 19. 

To  establish  standards  and  test  exter- 
nal work.     See  p.  231. 

To  establish  standards  and  test  diam- 
eters of  holes. 

To  gage  diameters  or  lengths  in  pro- 
duction work. 

To  test  hole  diameters  in  production 
work. 

To  set  and  test  standard  and  limit 
gages.     See  p.  1322. 

Check  and  reference  gage  for  produc- 
tion work. 

To  test  diameters  of  holes.  Spherical 
surface.     Allows  quick  adjustment. 

To  test  alincment  of  holes  of  two  diam- 
eters. 

To  gage  work  rapidly  at  machine  or 
bench.     Used   in   production   work. 

To  measure  diameters  of  small  holes, 
from  0.2(X)"  to  2.00".     See  p.  602. 

To  gage  work  at  machine  or  bench. 
Used  in  production  work.  See  p. 
1321. 

To  measure  depth  of  holes. 

To  measure  diameters  of  holes  2"  and 
larger. 

To  measure  thicknesses  and  diameters 
from  1"  to  2".  See  Micrometer 
Calipers,  p.  207. 

To  set  or  test  micrometer. 

Can  be  read  in  thousandths  of  an  inch 
to  exact  figures  without  calculations 
from  graduated  lines. 

To  test  accuracy  of  all  cla.s3es  of  work 
and  to  aline  machines.  May  be 
held  in  tool  post,  attached  to  surface 
gage,  or  standard  angle  or  surface 
plate.     See  p.  ISao. 

To  establish  small  distances,  such  as 
clearance  between  parts,  etc. 

To  test  and  set  up  work  and  machines, 
and  to  aline  jigs  and  fixtures. 

To  test  and  aline  machine  parts.  Used 
with  No.  20. 

To  test  accuracy  of  revolving  work 
usually  in  a  lathe.     See  p.  12 10. 

To  test  small  fillets  and  radius  curves. 
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So. 

Name. 

Use. 

24 

Thread  measuring  wires. 

To  measure  accurately  the  pitch  diam- 
eter of  a  screw  thread  by  three-wire 
method.     See  p.  1431. 

25 

Standard  adjustable  external 

To  establish  standard  thread  sise,  on 

templet  thread  gage. 

screws. 

26 

Standard  internal  plug  thread 

To  estabUsh  standard  thread  sises  for 

gage. 

holes.  Used  to  set  gage  No.  25. 
Plain  end  gives  root  diameter. 

27 

Thread  lead  indicator. 

To  test  accuracy  of  lead  of  threads. 
See  p.  1427. 

28 

Thread  miczx>meter  caliper. 

To  measure  pitch  diameter  of  threads. 
See  p.  12l4. 

29 

Adjustable  thread  limit  snap 

To  test  pitch  diameter  of  screw  thread. 

gage. 

Seep.  225. 

30 

Double-ended     thread     limit 
plus  gage. 

To  test  internal  threads. 

31 

Thread  gage-setting  plug. 

To  set  gage  No.  29. 

32 

Standard   pipe  thread  plug- 

To   establish   standard   internal   pipe 

gage. 

threads. 

33 

To   establish   standard   external   pipe 

gage. 

threads. 

34 

Universal  sine  bar. 

To  measure  angles  and  tapers  using 
vernier  height  gage  or  gage  blocks. 
See  p.  1268. 

35 

Standard  tape  plug  gage. 

To  establish,  measure,  and  test  taper 
holes. 

36 

Plumb-bob. 

To  locate  or  establish  perpendiculars. 

37 

Standard  wire  gage. 

To  measure  diameter  of  wire  and  thick- 
nPAS  of  sheet  metal.  See  Wire 
Gages,  Principlea  of  Machine  Work, 

38 

Standard  taper  ring  gage. 

To  establish,  measure,  and  test  exter- 
nal tapers.     See  p.  226. 

39 

Vermer  cahper. 

To  measure  accurately  inside  and  out- 
side dimensions.     Sec  p.  2ll. 

40 

Gear  tooth  depth  micrometer. 

To  describe  a  line  for  full  depth  of  teeth 
on  a  gear  blank.  Used  also  to  draw 
other  accurate  lines. 

41 

Gear  tooth  venuer. 

To  measure  accurately  the  thickness  of 
gear  teeth.     See  p.  11 18. 

42 

Dial  cylinder  gage. 

To  measure  diameter  and  accuracy  of 
engine  cylinders. 

43 

Vernier  height  gage. 

To  measure  accurately  heights  and 
distances.     See  p.  1249. 

44 

Universal  bevel  protractor. 

To  establish  and  measure  angles.  See 
p.  1185. 

45 

Prestometer  or  fluid  gage. 

To  measure  and  indicate  accurately, 
inspect,  and  check  thickness  and 
diameter.     See  p.  1330. 

46 

Machinists*  level. 

To  establish  levels  and  horixontals. 
See  p.  14X7. 
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47 

48 
49 
50 

51 
52 


53 
54 

55 
56 
57 

58 
59 

60 

61 
.62 


63 

64 
65 


66 
67 

68 

69 

70 


Masnifying  glass. 

Outside  spring  calipers. 
Inside  spring  caliiiers. 
SprincE  dividers. 

Scleroscope. 


Smooth  or  dead-smooth  file. 


Brinell  Testing  Machine. 
Toolmakers'  bridge.   All  faces 

scraped. 
Speed  indicator. 
Machinists'  parallel  clamp. 
Toolmakers'  clamps. 

Screw  clamp. 
Try  square. 

Surface  gage. 

Standard  steel  rule. 
Dial  test  indicator. 


Steel  straight  edge. 

Scraped  straight  edge. 

Pair  of  steel  or  cast-iron  paral- 
lels ground  or  planed  to 
equal    widths    and    thick- 


Box  parallel  with  finished  sur- 
faces. 
Toolmakers'  knee. 


Standard     cast-iron     surface 
plate. 


Pair  of  V  blocks. 


Bench  centers. 


To  examine  surfaces  and  read  fine 
graduations.    See  p.  1342. 

To  measure  outside  distances. 

To  measure  inside  distances. 

To  describe  circles  and  space  off  dis- 
tances. 

To  test  hardness  of  metals  and  other 
materials.  See  Principles  of  Machine 
Work. 

To  test  steel  to  determine  whether 
hardened  or  not,  and  to  test  the  tem- 
I>er  of  steel. 

To  test  hardness  of  metals. 

To  inspect  and  lay  out  work. 

To  determine  speed  of  shafts,  etc. 

To  clamp  work  to  table,  vise,  etc. 

To  clamp  light  accurate  work  to  fix- 
tures. 

To  clamp  rough  work. 

To  establish  right  angles  (90^)  and  test 
squareness  of  surfaces.     See  p.  14l9. 

To  test  surfaces,  also  to  lay  out  and  set 
up  work.     See  p.  921. 

To  measure  distances  for  ordinary  work. 

To  measure  and  test  accurately  the 
thickness  and  diameter  of  work,  and 
the  accuracy  of  surfaces.  See  p. 
1330. 

For  fine  work  where  a  straight  edge 
(180°)  angle  is  required.    See  p.  1408. 

To  test  scraped  wasrs  of  a  machine. 

To  set  up  and  level  work  for  inspecting 
or  machining.     See  p.  14l0. 


To  mount  and  aline  work  for  inspecting 
or  machining.     See  p.  14l5. 

To  hold  small  work  by  clamping  for  in- 
specting either  on  machine  table  or 
surface  plate. 

To  establish  and  test  plane  surfaces. 
When  not  scraped,  used  as  leveling 
plate  for  laying  out  work. 

To  hold  cylindrical  work  in  accurate 
alinement  for  inspecting  or  ma- 
chining. 

To  hold  centered  work  so  that  it  may 
be  revolved  and  tested  for  trueness 
with  chalk  or  test  indicator.  See  p. 
1217. 
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LIMIT  GAGES 

18.  Limit  or  ''  go  "  and  "  no-go  "  gages  are  the  most  effi- 
cient tools  for  gaging  or  measuring  work  produced  by  the 
limit  system.  They  have  made  inspection  practical  owing 
to  the  high  rate  of  speed  with  which  they  may  be  operated, 
and  the  superior  quality  of  the  results  produced. 

Since  these  gages  do  not  measure  the  exact  size  of  the  work, 
it  is  only  necessary  to  test  the  work  to  see  if  the  size  of  the 
part  is  within  the  predetermined  limits,  as  shown  in  Figs.  15, 
16.     See  also  p.  224. 

The  limit  gage  is  a  combination  of  two  gages,  one  made  to 
the  maximum  limit  and  the  other  to  the  minimum  limit. 

External  limit  gages  are  known  as  limit  snap  gages;  internal 
gages,  as  limit  plug  gages.  Both  types  are  commonly  called 
"  go  "  and  "  no-go  "  gages.  See  Inspection  of  Threads,  p. 
1421. 

19.  Limit  snap  gages  are  used  for  measuring  or  inspecting 
the  external  diameter  or  length  of  work.    For  example,  the 


Fi"'.  16.  —  iNSPEcnNG  Small  Pabtb  wtth  "Go"  and  "No-Go'^ 

Gages. 

nominal  diameter  of  a  shaft  is  1"  and  the  tolerance  0.002'' 
with  the  plus  and  minus  tolerances  equal. 

The  gage  for  measuring  or  inspecting  this  shaft  may  be  the 
double-ended  solid  type,  as  shown  in  Fig.  15  and  Nos.  1,  7, 


1820  ADVANCED  MACHINE  WORK 

Chart,  Fig.  9;  the  smgle-ended  type,  as  ahown  in  No.  4, 
Chart,  Fig.  9;  or  the  adjustable  type,  as  shown  in  Fig.  16  aod 
Nos.  10,  12,  Chart,  Fig.  9.  One  pair  of  measuring  surfaces  or 
points  would  be  made  or  set  to  1.001"  and  called  the  "  go  " 
g)^;e.  The  other  would  be  made  or  set  to  0.999"  and  called 
the  "  no^o  "  gage. 

If  the  shaft  is  small  enough  to  allow  the  "  go  "  gage  to  pass 
over  it  and  large  enough  twl  to  allow  the  "  no-go  "  gage  to 
pass  over  it,  the  shaft  is  within  the  working  limits  and  of  the 
proper  size. 

20.  Limit  plug  gages  are  used  principally  for  measuring  or 
inspecting  the  diameters  of  holes.  For  example,  the  nominal 
diameter  of  a  hole  is  2"  and  the  tolerance  0.001"  with  the  plus 
tolerance  0.00075"  and  the  minus  tolerance  0.00025".  The 
gage  for  measuring  or  inspecting  this  hole  may  be  the  double- 
ended  plug  type,  as  shown  in  Fig.  38  and  No.  5,  Chart,  Fig.  9; 
or  the  single-ended  type  which  has  a  ^gle  plug  or  gage  with 
two  diameters  made  to  the  maximum  and  minimum  limits. 
Sometimes  two  separate  plug  gages  similar  to  No.  3,  Chart, 
Fig.  9,  are  used.  One  plug  would  be  made  to  1.99975"  and 
called  the  "go"  gage;  the  other,  to  2.00075"  and  called  the 
"  no-go  "  gage.  If  the  hole  is  of  the  proper  size  to  admit  the 
"  go  "  gage  and  not  to  admit  the  "  no-go  "  gage,  it  is  within  the 
working  limits. 
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21.  Adjustable  limit  gages.  —  From  inspecting  a  large 
number  of  parts,  gages  become  worn  and  inaccurate  and  must 
be  repaired  or  discarded.  Repairing  gages  is  a  slow  and 
expensive  process  for  they  must  be  annealed  and  made  over 
again.  To  avoid  this,  adjustable  limit  snap  gages,  Figs.  16, 
17,  may  be  used.  The  measuring  points  or  anvils  are  adjusted 
with  a  screw-driver  the  same  as  the  anvil  of  a  micrometer. 
See  p.  225. 

InfomuUion.  —  The  accuracy  of  gages  may  be  affected  by  the  heat 
of  the  hand.  To  eliminate  this,  gages  with  insulated  grips  are  obtain- 
able, see  Figs.  16,  17. 


Fig.  17.  —  Testing  Adjustable  Limit  Snap  Gage  with  Ck)M- 

BiNATioN  Gage  Blocks. 


22.  To  set  adjustable  limit  gages  and  establish  other  odd- 
sized  dimensions,  some  standard  is  required.  Ordinary 
standard  gages  or  blocks  which  are  accurately  made  to  nom- 
inal sizes  such  as  1.00",  1.50",  etc.,  have  only  a  restricted  use 
in  the  Umit  system. 

Inspection  or  working  gages  are  very  seldom  set  at  nominal 
sizes,  but  more  often  from  one-half  to  three-  or  four-thous- 
andths above  or  below  a  nominal  dimension.  For  this  work 
a  special  set  of  gages  or  gage  blocks  must  be  used. 
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COMBINATION  GAGE  BLOCKS 

23.  JohanssoQ  combinatioa  standard  gage  blockSt  Fig. 
18.  —  These  combination  gage  blocks  are  used  for  accurate 
measurements,  in  making,  checking,  and  inspecting  limit  or 
standard  gages,  and  to  establish  standard  sizes.  They  are  so 
designed   that  by   placing   various   combinations  of  blocks 


Fig.  18.  —  Set  of  Johanbbok  Coubinatiok  Gaoe  Blocks. 

tt^ether,  it  is  possible  to  obtain  any  dimenaons  within  the 
capacity  of  the  set,  advancing  by  increments  of  one  ten- 
thousandth  of  an  inch. 

While  these  blocks  are  especially  useful  for  estabUsIiiii^  odd 
sizes,  they  may  be  used  for  establishing  standard  sizes  and  for 
checking  precision  measurements  in  all  kinds  of  toolmaking 
and  laboratory  work.  They  are  obtainable  in  the  English 
and  Metric  systems. 

These  gages  are  hardened  steel  blocks  ground  and  accurately 
lapped  to  a  fine  finish.     The  two  opposite  broad  faces  of  each 
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block  are  perfectly  parallel,  and  the  distance  between  them  is 
equal  to  the  size  marked  upon  the  block.  Blocks  up  to  6''  in 
leng^th,  at  66®  F.,  are  said  to  have  no  greater  error  than 
0.00001"  (one  hundred-thousandth  part  of  an  inch). 


Fia.  19.  —  LocATma  Work  Accxtrately  on  Face  Plate  with 

Gage  Blocks. 


24.  To  combine  two  or  more  gage  blocks  to  obtain  a  size 
not  given  by  any  one  block.  —  Hold  a  block  in  each  hand. 
Wipe  the  face  of  the  block  held  in  the  left  hand  on  the  fleshy 
part  of  thumb  or  on  the  wrist  of  the  right  hand,  as  in  Fig.  20. 

Similarly,  wipe  a  face  of  the  block  held  in  the  right  hand, 
as  in  Fig.  21;  then,  with  a  little  pressure,  slide  one  block  upon 
the  other,  as  in  Fig.  22.  This  expels  the  air  from  between  the 
two  surfaces  so  that  the  blocks  will  hold  together.  Several 
blocks  may  be  assembled  in  this  manner  and  used  as  a  solid 
gage.    See  Figs.  17,  23. 

Note,  —  Gage  blocks  should  not  be  left  in  combination  after  using, 
but  separated  and  the  surfaces  wiped  off  with  a  piece  of  chamois. 
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Fig.  20.  —  Cleaning  Surface  op 
Block  Held  in  Left  Hand. 


Fig.  21.  —  Cleaning  Surface  op 
Block  Held  in  Right  Hand. 


Fig.  22.  —  Joining  Two  Block: 


Fig.  23.  —  Several  Blocks 
in  Combination. 


Fig.  24.  —  Testing  Center  Distance  of  Holes  in  Jig  wrra 
Gage  Blocks  and  Standard  Plugs. 
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25.  Sets  of  combination  standard  gage  blocks.  —  These 
blocks  may  be  obtained  singly,  in  special  groups,  or  in  stand- 
ard combination  sets.  One  of  the  largest  and  most  practical 
sets  contains  81  blocks,  as  shown  in  Fig.  18.  The  blocks  are 
divided  into  four  general  series  or  groups  from  which  the 
various  combinations  are  built. 

With  this  set  300,000  different  sizes  are  obtainable. 

First  Series.  —  9  blocks  with  sizes  as  follows: 

0.1001    0.1002    0.1003    0.1004    0.1005 
0.1006    0.1007    0.1008    0.1009 

Second  Series.  —  49  blocks  with  sizes  as  follows: 

0.101  0.102  0.103  0.104  0.105  0.106  0.107 

0.108  0.109  0.110  0.111  0.112  0.113  0.114 

0.115  0.116  0.117  0.118  0.119  0.120  0.121 

0.122  0.123  0.124  0.125  0.126  0.127  0.128 

0.129  0.130  0.131  0.132  0.133  0.134  0.135 

0.136  0.137  0.138  0.139  0.140  0.141  0.142 

0.143  0.144  0.145  0.146  0.147  0.148  0.149 

Third  Series.  —  19  blocks  with  sizes  as  follows: 

0.050    0.100    0.150    0.200    0.250    0.300    0.350 
0.400    0.450    0.500    0.550    0.600    0.650    0.700 

0.750    0.800    0.850    0.900    0.950 

Fourth  Series.  —  4  blocks  with  sizes  as  follows: 
1, 2,  3,  4". 


Fig.  25.  —  Settinq  Sine  Bar  with  Gage  Blocks. 
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26.  To  select  gages  for  any  desired  size.  — 

Example.  —  To  make  up  a  set  of  blocks  for  2.7834".  First  elimi- 
nate the  ten-thousandths  by  selecting  block  0.1004"  irom  series  1; 
then  the  thousandths  by  selecting  block  0.133"  from  series  2.  Thia 
block  should  be  so  chosen  that  it  will  leave  the  hundredths  figure  0  or 
5.    Blocks  0.550"  and  2"  complete  the  combination.    See  Fig.  18. 


SoltUion. — 


Desired  sixe      2.7834 

First  block,       0.1004    0.1004 


2.6830 
Second  block,   0.133 

2.550 
Third  block,     0.550 


2.000 
Fourth  block,   2.000 


0.133 


0.550 


2.000 


0.000      2.7834" 

Information.  -7  It  is  not  necessary  to  use  a  particular  combination 
to  make  up  a  gage  of  a  desired  size,  but  it  is  advisable  to  use  the  least 
number  of  blocks  possible. 


Fig.  26.  —  Set  of  Accessories  tor  Gage  Blocks. 


27.  Accessories  for  gage  blocks.  —  To  enable  the  blocks  to 
be  used  for  different  purposes,  such  as  calipering  and  for  height 
gages,  a  set  of  accessories  and  attachments  are  obtainable. 
The  larger  sets  contain  4  holders,  3  pairs  of  jaws,  1  straight 
edge,  1  base  to  convert  holders  into  height  gages,  1  scriber, 
and  1  center. 
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¥iQ,  27.  —  DBSCBiBiNa  Accurate  Cibclbs  and  Abcb  with  Gagb 

Blocks. 

CONSTRUCTION  OF  GAGES 

28.  Material  for  gages.  —  Solid  gages  are  usually  made 
from  tool  or  alloy  steel,  machined,  hardened,  tempered,  sea- 
soned, ground  and  lapped  to  size.  Some  manufacturers 
make  these  gages,  especially  if  large,  from  machine  steel  and 
case-harden  them  before  grinding  and  finishing  to  size.  See 
Hardening  and  Tempering,  Principles  of  Machine  Work. 

Solid  gages  may  be  cut  from  plate  or  bar  stock,  or  made 
from  drop  forgings  or  castings  depending  upon  the  style 
required.  Adjustable  gages  have  their  frames  made  from 
drop  forgings,  malleable  castings  or  iron  castings,  and  their 
gaging  points  of  tool  or  alloy  steel  which  are  finished  by  grind- 
ing and  lapping. 

Information.  —  The  frames  of  gages  often  strike  the  work.  This 
hammering  or  peening  eflfect  may  destroy  the  accuracy  of  the  gage. 
By  making  the  gages  of  rigid  design,  and  attaching  soft  bumpers,  peeD- 
ing  may  be  avoided  to  a  large  extent. 

Warning,  —  If  a  gage  falls  to  the  floor,  it  should  not  be  used  again 
until  it  is  tested  for  accuracy. 

j^^^  —  Soft  gages  may  be  used  for  testing  a  few  pieces;  but,  as  they 
wear  rapidly,  should  only  be  used  in  emergcDcies. 

29.  Tolerance  for  wear  of  gages.  —  In  the  design  of  snap, 
plug,  and  special  "  go  "  and  "  no-go  '*  gages,  attention  must 
be  given  to  the  wear  of  the  measuring  surfaces.  Allowance 
must  be  made  for  this  by  slightly  varying  the  size  of  the  gage. 
This  tolerance  for  wear  also  varies  with  manufacturing  toler- 
ances, and  the  greater  the  difference  between  maximum  and 
minimum  limits,  the  greater  the  tolerance  for  wear  that  can 
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be  allowed.  To  provide  for  this  wear,  the  gages  are  made  i 
sUghtly  smaller  for  external  gages  and  slightly  larger  for  j 
internal  gauges,  and  the  operator  or  inspector  works  closer  to 
the  nominal  dimension.  For  example,  a  steel  stud  with  a 
nominal  diameter  of  1",  has  a  tolerance  of  ±0.001".  The 
gage  for  the  maximum  dimension  would  be  1.0008"  while  the 
gage  for  the  minimum  dimension  would  be  0.9992",  allowing 
0.0002"  for  wear. 

Information.  —  For  tolerance  for  wear  of  the  gage,  10  per  cent  of  the 
tolerance  of  the  work  is  permissible. 

30.  The  effect  of  rough  and  finished  surfaces  on  the  life  of 
gages.  —  The  condition  of  the  surface  of  the  metal  gaged  has 
an  effect  on  the  life  of  the  gage.  Rough-machined  surfaces 
will  wear  a  gage  about  three  times  as  fast  as  smooth  surfaces. 

Information.  —  Ground  surfaces  usually  retain  some  of  the  abrasive 
used  in  grinding  which  is  also  a  factor  in  the  life  of  gages. 

31.  The  effect  of  different  metals  on  the  life  of  gages.  — ' 

The  kind  of  metal  of  which  the  machine  parts  are  made 
determines,  approximately,  the  number  of  pieces  that  can  be 
inspected  before  the  gage  is  worn  beyond  its  tolerance  for 
wear. 

Complicated  parts  to  which  it  is  somewhat  difficult  to  fit 
gages,  and  work  that  requires  the  use  of  thin  gages,  cause 
excessive  wear  and  shorten  the  life  of  the  gages. 

Cast  iron  and  aluminum  have  a  large  lapping  effect  which 
causes  considerable  wear  on  the  measuring  surfaces  of  gages. 

Cast  iron,  due  to  the  presence  of  crystals  of  cementite  or 
carbide  of  iron  in  the  metal,  is  liable  to  wear  the  surfaces  of  a 
gage  at  the  rate  of  0.00025"  for  about  10,000  parts  inspected. 

Aluminum  which  contains  alumina  or  aluminum  oxide  in 
crystalline  form,  may  be  expected  to  wear  a  gage  0.00025"  for 
about  11,000  parts  tested. 

Steel  and  brass  have  only  a  small  lapping  effect  and  produce 
only  a  slight  wear  on  gages.  Before  wearing  an  amount 
exceeding  0.00025",  a  gage  will  inspect  about  30,000  steel 
parts,  or  50,000  brass  parts. 
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33.  Tolerances  for  plated  work.  —  If  parts  are  to  be  plated, 
^ey  should  be  machined  to  allow  for  the  thickness  of  the 
deposited  metal.  For  ordinary  work,  from  0.0005"  to  0.001" 
nay  be  allowed  on  each  surface  for  copper,  zinc,  or  nickel 
plating. 

Information.  —  Worn  gages  are  Bometimee  temporarily  repaired  by 
plating  the  measuring  surfaces. 

INDICATING  GAGES 

33.  Indicating  gages  are  often  used  in  inspecting  and  test- 
ing work  as  they  tell  at  a  glance  whether  or  not  the  work  ia 
within  the  required  limits  and  often  show  the  actual  error. 
There  are  many  types  of  these  gagea,  but  dial  reading  indi- 
cators are  generally  used  for  ordinary  work. 

34.  The  comparative  type  of  indicators  is  used  in  inspection 
for  testing  alinements,  accuracy  of  machine  parts,  surfaces, 
etc.,  more  than  for  the  determination  of  actual  measurements 
or  differences  of  measurements.  See  Testing  Lathe  Work 
with  Indicators,  p.  12io. 


Fig.  28.  —  MEASunirfa  Thin  Work  with  Dial  Gags. 

36.  Direct  reading  dial  indicators,  Figs.  2S,  29,  have  the 
movement  of  the  measuring  points  multiplied  by  a  train  of 
gears  to  a  needle  or  pointer  which  indicates  on  a  dial.  These 
gages  may  be  used  to  measure  the  exact  size  of  the  work,  or 
may  be  used  as  comparators. 
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Dial  gage  A,  Fig.  28,  is  attached  to  a  special,  inclined  stand 
B  for  quick  reading.  The  needle  of  indicator  C  is  set  at  zero 
when  measuring  point  D  is  in  contact  with  face  of  the  stand. 

To  gage  work,  raise  point  D  by  lever  E,  Place  work  F 
under  the  spindle  and  lower  point  to  work  by  releasing  lever 
E.  The  reading  on  the  dial  gives  the  exact  thickness  of  the 
disk.  If  necessary  several  readings  may  be  taken  on  the  same 
work  by  pressing  and  releasing  lever  E, 

Universal  dial  test  indicator  A,  Fig.  29,  clamped  to  rod  B, 
is  set  for  measuring  the  error  of  work  C.  With  the  contact 
point  D  touching  a  standard  gage  block  or  a  standard  piece 
of  work,  the  needle  is  set  at  zero.  When  the  work  is  moved 
beneath  the  gage  the  needle  shows  the  amount  of  overside  or 
undersize. 


FiQ.  29.  —  Testinq  Thickness  op  Flanges  wtth  UNiVEBSAii 

Dial  Indicator. 


By  attaching  these  gages  to  different  stands  or  fixtures, 
they  have  almost  imlimited  uses.  See  Testing  Lathe  Work 
with  Indicators,  p.  12 10,  and  Inspection  of  Machine  Took, 
p.  1401. 

36.  Prestometer  or  fluid  gage.  Fig.  31,  is  an  instrument 
used  as  a  comparator,  or  for  the  determination  of  fine  varia- 
tions in  sizes  of  duplicate  parts  with  reference  to  a  master 
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block  or  standArd  part.    The  operation  of  the  iBstrument  is 

based  upon  the  deflection  of  a  diaphragm  which  creates  a 

varying  pressure  on  a  colored  liquid  and  causes  it  to  rise  or 

fall  in  a  glass  tube.    The  principle 

of  operation  of  the  fluid  gage  is 

shown  in  Fig.  30. 

StAtionary  anvil   A   is  used   to 

hold  "work  B.    Moving  anvil  C  is 

attached  to  diaphr^m  D  held  in 

chamber    E.    A    piece    of    work 

passed    between    the    two    anvils   ^ , , 

raises  moving  anvil  C  and  causes 

diaphragm  D  to  deflect  upward,  * 

forcing  the  fluid  F  up  into  glass  Fig,  30.  —  SscnoH  of  Dia- 

tube  G.    A  variation  in  the  size  of     ™«"omandFluidChambe» 

work  raLses  or  lowers  anvil  C  and 

causes  a  variation  in  height  of  liquid  in  tube. 

Calibrated  tube  G  is  used  with  a  scale  graduated  to  agree 
wiflh  the  tube  calibration.  Any  variation  in  the  height  of 
fluid  column  due  to  variation  in  the  size  of  work  is  read  on 
scale. 

iTiformation.  —  Calibrated  tubes  with  difFerent-aized  bores  and  with 
properly  graduated  scales  are  obtainable  for  changing  the  magnifying 
power  of  the  instrument.  The  fluid  used  in  the  instrument  is  pure 
alcohol  colored  with  anihne  dye. 

37.  To  set  and  use  fluid  gage.  —  Place  standard  g^e,  or  a 
piece  of  work  of  the  required  size,  A,  Fig.  31,  on  solid  anvil  B. 
Loosen  clamp  nut  C  and  lower  clamping  head  D  with  rack  E 
and  pinion  F  until  movable  anvil  G  almost  touches  work. 
Clamp  in  this  position  by  tightening  clamp  nut  C.  Screw 
diaphragm  chamber  H  downward  so  that  moving  anvil  0 
presses  on  work  sufficiently  hard  to  deflect  diaphragm  and 
raise  top  of  liquid  in  tube  J  about  one-half  inch.  Bring  scale 
K  which  may  be  read  to  0.0001",  to  a  position  where  the  top 
of  fluid  column  will  register  at  the  zero  line  in  center.  Re- 
move work  from  mstrument.  Adjust  pointer  L  to  the 
nuudmum  limit  of  work  size,  and  pointer  M  to  the  minimum 
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limit.    Set  pointer  A^  to  top  of  fluid  column  with  work  re-  ' 
moved.     Check   setting   by   passing   the   standard    between 
anvils  a  few  times  to  make  sure  fiuid  column  registers  at  sero, 
on  the  scale.    The  gage  is  now  ready  for  use. 


FiQ.  31.  —  GAams  Work  with  Prestometeb  or  Fluto  Gaoi. 

AUention.  —  If  more  fluid  is  added  to  the  tube,  or  the  temperature 
change  affects  the  length  of  the  fluid  column,  the  accuracy  of  the  in- 
strument is  not  affected  as  long  as  pointer  ^  is  set  at  the  normal  fiujd 
level.  All  the  pointers  may  be  moved  simultaneously  by  means  of 
pointer  carriage  P. 

Information.  —  The  normal  fluid  level  should  be  about  half-way  up 
in  the  tube.  More  liquid  may  be  added  with  a  dropper.  Excess 
liquid  may  be  removed  by  pressing  on  diaphragm  to  force  liquid  up 
into  a  reservoir  at  top  of  tube  and  removii^  the  excess  amount  with  a 
piece  of  blotting  paper. 

38.   "  Feel "  or  touch  indicators  are  operated  by  the  use 

of  pins,  or  collars  io  jigs,  or  box  gages,  and  determine  accuracy 
by  noting  whether  or  not  the  "  telltale  "  is  flush  with  a  surface. 
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This  type  of  indicator  has  only  a  Umited  use  and  is  seldom 
employed  except  for  special  work. 

39.  Combination  scale  indicators  based  upon  the  microm- 
eter and  vernier  principles  are  often  attached  to  machines, 
tools  and  fixtures  for  obtaining  fine  adjustments  and  measure- 
ments, or  for  testing  and  inspecting. 


METRIC  MICROMETER  CALIPERS 

40.  Metric  micrometer  caliper,  Fig.  33,  measures  to  25 
milliineters.  It  is  similar  to  a  1"  micrometer  caliper,  and  is 
used  for  measuring  work  by  the  Metric 
system.    See  Micrometer  CaUpers,  p.  207. 

This  micrometer  consists  of  frame  A 
and  barrel  B.  The  threaded  portion  of 
precision  screw  C,  whidh  is  concealed 
within  barrel  B,  fits  a  nut  in  the  frame. 

41.  Principle  of  metric  micrometer. — 
The  pitch  of  the  screw  is  0.5  mm.  and 
barrel  B  is  graduated  into  0.5  mm.  divi- 
sions reading  from  zero  to  25  mm.,  as  at 
D.     The  0.5  mm.  divisions   are   shown 
ahooe  line  E\   and  the  1.0  mm.  divisions,   Fig.  32.— Metric  and 
below  line  E  with  the  designating  figures.      English  Systems 
One  revolution  of  the  screw  C  opens  or      Compared. 
closes  the  caUper  from  a  division  above      '^^^'^^  ^  ^^'''^' 
or  below  line  E  to  the  next  division  above 

or  below  line  B,  or  0.5  mm.  Two  revolutions  will  move  the 
caliper  from  one  division  below  line  E  to  the  next  division 
below  line  £,  or  1.0  mm.  Thimble  F  is  graduated  into  50 
divisions  from  zero  to  50.  Rotating  the  thimble  from  one 
graduation  to  the  next  moves  the  caUper  -^^  of  0.5  mm.,  or 
0.01  mm.  Every  fifth  mm.  on  the  barrel  is  numbered  5,  10, 
15,  etc.,  and  may  be  read  as  5  mm.,  10  mm.,  etc. 

42.  To  read  metric  micrometer.  —  In  Fig.  33  the  figure  10 
on  the  barrel  may  be  read  as  10  mm.,  and  the  five  additional 
divisions,  counting  both  above  and  below  line  J?,  as  2.5  mm. 
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Then  adding  23  divisions,  or  0.23  mm.,  on  thimble  make 
the  complete  reading  10  +  2.5  +  0.23  =  12.73  nmi.  which  i 
the  diameter  of  work  G.  This  is  approximately  one-half  inei 
See  Tables  of  Inches  with  Ek^uivalents  in  Millimeters,  Prit^ 
ciples  of  Machine  Work. 
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Fig.  33.  —  Measuring  with  Metric  Micrometer  Caliper. 

Information.  —  Metric  micrometers  are  graduated  to  read  to  one 
hundredth  of  a  millimeter,  but  half,  quarters  and  tenths  of  this  divisiq 
may  be  easily  estimated. 

INSPECTION  OF  MACHINE  PARTS 


43.  Requirements  for  inspecting  machine   parts.  —  Th 

best  results  are  obtained  by  organizing  a  suitable  system  foi 
the  work  at  hand.  The  gages  should  be  accurately  designeij 
and  constructed,  the  work  of  the  inspectors  properly  laid  out 
and  the  routing  or  movement  of  the  parts  from  inspector  tc 
inspector,  or  from  department  to  department,  carefulh 
planned. 

INSPECTION  ORGANIZATION 

44.  Inspection  staff.  —  The  oiganization  of  the  inspectioc 
department  should  be  separate  and  distinct  from  the  produc- 
tion department,  and  should  be  responsible  to  the  manage- 
ment only. 


INSPECTION  ORGANIZATION 
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In  large  plants  there  is  a  chief  inspector  who  has  under  him 
oremen  inspectors  for  the  various  departments  each  in  charge 
if  his  own  inspection  staff  which  includes  traveling,  field  or 
iperation  inspectors,  and  bench  or  crib  inspectors. 


Fig.  34.  —  iNSPEcnNa  with  Micrometer  Calipers. 

46.  The  chief  inspector  is  the  executive  head  of  the  inspec- 
tion department.  He  is  responsible  for  the  quality  of  the 
entire  production  and  reports  directly  to  the  management. 
He  should  have  the  ability  to  organize  the  various  depart- 
ments and  to  supervise  and  direct  the  subordinate  branches. 
This  work  requires  a  large  knowledge  of  machine-shop  practice 
and  tool  and  gage  making.  It  is  also  desirable  that  the  chief 
inspector  be  acquainted  with  materials  of  machine  construc- 
tion, testing  of  materials,  metallurgy,  hardening  and  temper- 
ing, and  heat  treatment  of  steel. 

46.  The  foremen  inspectors  have  charge  of  departments 
and  supervise  the  actual  inspection  operations  performed 
within  these  departments  which  include  both  the  work  of 
traveling,  field,  or  operation  inspectors  and  that  of  the  bench 
or  crib,  yispectors.  Their  duties  also  include  checking  all 
gages  i>PQd/by  ^he  various  inspectors  in  the  department. 
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A  foreman  inspector  should  be  acquainted  with  general 
machine-shop  practice  and  possess  the  ability  to  organize  sls 
well  as  to  supervise,  the  department. 

47.  Traveling,  field  or  operation  inspectors  watch  the  new 
set-up  of  a  machine  and  check  the  first  few  pieces  to  see  that 
production  starts  correctly.  They  also  circulate  among  the 
different  machines  and  inspect  one  or  two  pieces  from  each 
machine  at  stated  intervals  —  ten  minutes  or  longer  depend- 
ing upon  the  class  of  work  —  to  see  that  the  tools  are  properly 
adjusted  and  maintain  their  settings,  and  to  detect  errors 
before  a  laige  number  of  parts  are  machined.  A  traveling 
inspector  should  have  a  comprehensive  knowledge  of  machine- 
shop  practice  and  an  intimate  acquaintance  with  difiTerait 
types  of  gages  and  methods  of  inspection. 


Fia.  35.  —  Testing  Center  Distance  wtth  Vernier  and  Plug 

Gaqes. 

48.  Bench  or  crib  inspectors  iaspect  the  parts  after  each, 
or  a  series  of  operations.  The  work  is  usually  carried  on  in 
an  inspection  crib  or  room,  under  the  supervision  of  the  fore- 
man inspector.  Bench  inspectors  should,  after  proper  in- 
struction, be  able  to  use  the  various  types  of  gages,  to  read 
and  use  micrometer  and  vernier  calipers,  and  to  read  blue 
prints.     It  is  also  important  that  bench  inspectors  have  keen 
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powers  of  observation  in  order  that  they  may  readily  detect 
errors  or  defects  which  may  not  be  directly  connected  with 
the  inspection  operation. 

A  bench  inspector  usually  inspects  only  one  dimension,  or 
one  operation,  at  one  time,  passing  the  part  on  to  the  next 
inapector  for  further  examination  should  the  work  require  it. 

Information.  -—  A  bench  inspector  may  inspect  certain  classes  of 
small  parts  at  the  rate  (^  from  one  thousand  to  fifteen  hundred  pieces 
per  hour. 

49.  Inspection  cribs  or  rooms  are  spaces  usually  screened 
or  partitioned  oEF  from  the  rest  of  the  departments.  They 
should  be  conveniently  located  and  large  enough  to  contain 


Fia,  36.  ^Tebtinq  Taper  with  Special  Gaob. 

ample  storage  space  for  work  in  progress  of  construction  as 
well  as  the  necessary  room  for  the  inspectors  and  their  equip- 
ment. Vfoik.  may  be  stored  and  transported  in  tote  boxes  or 
racks,  Fig.  36,  each  containing  a  definite  number  of  parts. 
This  will  allow  a  quick  survey  of  the  number  of  parts  aw»ting 
inspection,  parts  ready  for  further  operations,  parts  com- 
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pleted  and  parts  rejected.  The  crib  should  act  as  a  clearing 
house,  no  work  remaining  outside  unless  in  process  of  ma- 
chining. This  gives  a  constant  check  on  production  and 
trouble  is  easily  located. 

GENERAL  INSPECTION  METHODS 

60.  Systems  of  inspection.  —  There  are  three  general  sys- 
tems of  inspection:  Random,  Complete  and  Combination. 

61.  Random  or  percentage  inspection  is  based  upon  the 
principle  of  inspecting  a  certain  definite  number  of  parts  and 
then  judging  the  quality  of  the  entire  output  on  the  resulted 
obtained.  If  the  number  of  parts  selected  pass  inspection,  it 
is  assumed  that  the  entire  lot  is  within  the  specifications  and 
it  is  passed  as  such.  If  any  of  the  inspected  parts  fail  to 
pass,  the  entire  lot  is  rejected.  Random  inspection  is  used  by 
the  traveling  inspectors  for  the  inspection  of  parts  at  the 
machines,  and  also  as  a  final  check  upon  parts  which  have 
received  complete  inspection  for  each  operation.  On  certain 
classes  of  work,  such  as  machine  tools,  where  the  accuracy  of 
the  product  is  more  essential  than  the  interchangeability  of 
the  parts,  random  inspection  is  used  almost  entirely  as  a  final 
test  on  the  completed  machines. 

62.  Complete  or  one  hundred  per  cent  inspection  requires 
that  each  part  be  inspected  after  each  operation.  It  is  used 
extensively  on  parts  requiring  a  high  degree  of  interchange- 
ability  not  only  for  the  operation  inspection  but  also  for  the 
final  inspection. 

63.  Combination  inspection.  —  This  system  of  inspection 
combines  the  random  method  with  the  one  hundred  per  cent 
method. 

When  an  operation  is  started,  the  first  piece  or  pieces  are 
inspected  to  test  the  accuracy  of  the  set-up  to  insure  the 
proper  placing  of  tools  and  fixtures.  The  production  is  then 
started  and  the  first  few  pieces  watched  for  errors  caused  by 
the  improper  adjustment  of  tools,  dull  tools,  or  tools  slippmg. 
If  errors  are  present,  they  are  corrected  immediately.  When 
production  is  at  full  speed,  the  traveling  inspectors  keep  a 
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check  on  the  quality  and  see  that  the  proper  standards  are 
maintained.  After  a  certain  number  of  parts  have  had  an 
operation  completed,  they  are  taken  to  the  central  inspection 
crib  or  room  to  receive  one  hundred  per  cent  ins[>ection  for 
that  operation  by  the  bench  inspectors.     These  parte  are  not 
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allowed  to  receive  another  operation  until  approved  by  the 
foreman  inspector.  When  a  group  of  parts  has  received  all 
of  the  machining  operations,  a  few  are  given  complete  inspec- 
tion. The  entire  group  is  accepted  or  rejected  by  the  result 
of  this  random  inspection. 

This  method  of  inspection  keeps  a  close  check  on  quahty  of 
production,  enables  a  careful  watch  to  be  maintained  of  each 
opei-ator's  work,  and  allows  parts  to  be  rejected  at  once  with- 
out having  further  work  wasted  on  them. 

Attention,  —  If  exceeaive  rejections  are  made  at  the  final  random  in- 
spection, an  immediate  change  to  the  one-hundred  per  cent  method  of 
inspection,  is  often  made. 

Warning.  —  Inspection  may  be  carried  to  extremes,  prove  un- 
economical, and  be  a  hindrance  to  manufacturing.  An  inspection 
Bystem  should  be  so  organized  and  conducted  that  it  will  cooperate 
with  the  management  and  facilitate  rapid  production. 

54.  Sets  (tf  gages  for  inspection.  —  Four  sets  of  gages  are 
often  used  for  the  inspection  of  machine  parts  —  master, 
checking,  working,  and  tolerance. 
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Master  gages  are  not  used  for  general  inspection  work. 
They  are  only  used  to  set  or  test  the  checking  gages. 

Checking  gages  are  the  reverse  of  the  master  gages;  that  is, 
if  the  master  gage  is  of  the  cahper  type,  the  checking  gage 
would  be  of  the  plug  type.  These  gages  are  used  to  test, 
check,  and  establish  the  sizes  of  working  and  tolerance  gages. 

**  Working  "  gages  is  the  name  given  to  all  gages  used  by 
the  traveling  and  bench  inspectors  and  by  the  machine 
operators,  with  the  exception  of  the  gages  used  on  the  final 
inspection.  The  tolerances  of  these  gages  are  usually  made 
slightly  smaller  than  those  specified  for  the  work  in  order  to 
give  the  machine  operators  a  small  margin  of  safety. 

Tolerance  gages  are  those  used  on  the  final  inspection  by 
the  bench  inspectors.  They  are  made  with  the  specified 
tolerances. 


Fig.  38.  —  Testing  "Go"  End  op  a  Limit  Plug  Gage. 


65.  Testing  inspection  gages.  —  The  gages  used  by  the 
bench  and  traveling  inspectors  and  the  machine  operators, 
should  be  tested  at  regular  intervals  to  see  if  they  are  still 
within  their  tolerances  for  wear.    See  Figs.  4,  17,  38. 

Warning.  —  Snap  gages  or  other  measuring  tools  should  never  be 
used  to  measure  revolving  or  moving  work. 

56.  Reinspection  of  machine  parts.  —  Parts  which  have 
been    rejected    during   the    operation   inspection   are   often 
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reinspected  with  tolerance  or  final  inspection  gages.  The 
parts  accepted  by  reinspection  are  allowed  to  go  on  and  re- 
ceive further  operations;  but  the  rejected  parts  are  either 
discarded  or,  in  many  cases,  salvaged  by  remachining. 

SPECIAL  FORMS  OF  INSPECTION 

67.  Functional  or  partial  assembly  inspection.  —  Besides 
inspection  for  accuracy  and  interchangeability,  some  of  the 
component  parts  are  often  inspected  to  see  if  they  function  or 
operate  properly.  For  this  purpose  a  number  of  the  com- 
ponent parts  are  placed  in  a  fixture,  improvised  machine 
frame  or  jig,  where  they  may  be  tested  for  operation,  eccen- 
tricity, alinement  and  adjustment,  with  indicators  or  other 
instruments. 

58.  Profile  or  contour  inspection.  —  Work  of  irregular 
outline  is  inspected  with  profile  or  contour  gages.  They  are 
made  in  the  form  of  templets.  The  gaging  surfaces  are  either 
hardened  and  ground,  or  else  hardened  and  ground  plugs  are 
inserted  at  intervals  along  the  surface  to  prevent  excessive 
wear. 

If  the  profile  is  only  on  one  side  of  the  work,  a  single  gage  is 
used  and  its  fit  determined  by  the  light  line  between  gage  and 
work.  Where  the  profile  extends  nearly  or  completely 
around  the  work,  "  go  "  and  "  no-go  "  profile  gages  are  used. 
The  work  should  drop  through  one  gage  and  not  through  the 
other. 

Indicating  gages  are  sometimes  attached  to  profile  gages  to 
test  the  accuracy  and  location  of  irregular  surfaces. 

59.  Visual  inspection  for  finish  is  made  on  surfaces  which 
have  been  cleaned,  polished,  groimd,  lapped,  scraped,  plated, 
painted,  japanned,  etc. 

Machine  parts,  as  well  as  assembled  machines,  are  also 
often  given  a  visual  inspection;  and  if  any  part  has  large  or 
noticeable  defects,  such  as  burrs,  poorly  finished  surfaces, 
rough  threads,  scars  from  errors  in  tool  settings,  etc.,  it  may 
be  rejected  without  further  handling  or  inspection. 

Hardened,   tempered,   and   case-hardened   work  is   often 
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visually  inspected  by  observing  its  color,  shade  or  tone,  in 
addition  to  standard  tests.  In  fact,  consciously  or  uncon- 
sciously, all  work  is  given  visual  inspection  in  a  greater  or 
less  degree. 

60.  Magnifying-giass  inspectioa  is  often  used  for  tooLs, 
gages,  instruments,  dies,  punches,  hardened  and  tempered 
work,  and  ground  and  lapped  surfaces. 

Fig.  Z9  shows  the  method  of  inspecting  the  inner  surface  of 
a  drawing  die  to  determine  the  quality  of  finish  and  to  detect 
checks  or  cracks  from  hardening. 


FiQ.  39.  —  Inbpbctino  a  CMtnuDaE  Drawing  Die,  wtth 
MAONiFriNQ  Glass. 

61.  Inspection  for  hardness.  —  Metals  used  in  machine 
construction  as  well  as  machine  parts,  are  inspected  for  hard- 
ness of  material,  and  hardness  after  hardening  and  tempering, 
or  heat  treating.  Comparative  and  approximate  hardness 
may  be  determined  by  the  use  of  a  smooth  file  or  a  dead- 
smooth  file.  To  measure  the  hardness  of  metal  accurately, 
the  scleroscope.  No.  51,  Fig.  12,  or  Brinell  testing  machine. 
No.  53,  Fig.  12,  is  used.     See  Privciples  of  Machine  Work. 

62.  Weight  inspection.  —  Parts  of  some  classes  of  machines 
are  inspected  for  weight  when  the  weight  of  the  part  has  a 
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definite  bearing  upon  ita  use  or  operation.  Small  machine 
parts,  such  as  screws,  bolts,  nuts,  and  parts  of  small  mecha- 
nisms, are  often  counted  by  weighing. 

DEVICES  AND  MACHINES  FOR  INSPECTING 
SMALL  PARTS 

63.  Methods  of  increasing  the  speed  of  hand  inspectioa.  — 
To  permit  action  of  both  hands,  avoid  waste  motion,  conserve 
time,  and  promote  general  efficiency;  various  improvised 
arrangements  and  fixtures  are  often  devised  which  mcrease 
the  rapidity  of  hand  inspection. 

Both  hands  used  to  handle  work  for  inspection.  —  A 
method  of  increasing  the  speed  of  hand  inspection  is  shown 
in  Fig.  40.    The  fuse  bodies  are  inspected  to  insure  that  the 
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diameter  of  the  threaded  hole  is  not  reduced  by  the  threading 
operation.  The  "  go  "  and  "  no-go  "  gages  are  fastened  to 
a  block  or  holder,  leaving  both  hands  free  to  handle  and  gage 
the  work. 

Several  parts  are  picked  up  in  the  left  hand.  The  right 
hand  takes  a  single  part  and  tests  it  on  the  "  go  "  gage  and 
then  on  the  "  no-go  "  gage.  While  the  last  part  is  being 
inspected,  the  left  hand  picks  up  another  handful  of  parts. 
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Belt  conveyors  are  sometimes  used  to  carry  parts  of  the 
work  from  one  inspector  to  another  during  the  bench  inspection. 

64.  Hand  machines  for  inspecting  machine  parts.  —  Some 
machine  parts  may  be  more  rapidly  inspected  for  a  single 
operation  by  improvising  power-driven  devices  or  by  adapting 
l^bt  power-driven  machines  to  the  work.  Fig.  41  shows  the 
final  or  functional  inspection  of  a  fuse  for  a  shell  by  means  of 
a  light  frictionally-driven  tapping  machine.    This  inspection 


Fia.  41.  —  Functional  Inspection  with  a  Machine. 

checks  the  fit  of  the  thread,  length,  contour  and  concentricity 
of  fuse  to  insure  that  the  (use  will  fit  adapters  made  elsewhere. 
A  single  functional  gage  is  held  in  a  chuck.  The  gage  consLsts 
of  a  threaded  ring  for  testing  the  threaded  portion  of  the  fuse, 
and  a  socket  which  is  a  duplicate  of  the  adapter.  The  inspect 
tor  takes  a  fuse  in  the  left  hand,  places  the  spanner  wrench  in 
position  and  inserts  the  fuse  in  the  rotatii^  gage.  The  fuse 
and  spanner  wrench  are  shown  in  detail,  Fig.  41.  The  rota- 
tion carries  the  fuse  inward.  When  the  fuse  is  all  the  way  in, 
or  part  way  in  and  binds,  the  inspector  pushes  on  the  work 
and  forces  the  friction  wheel  against  the  rear  pulley  which 
reverses  the  rotation  of  the  gage  and  carries  the  fuse  out 
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Work  that  will  screw  into  the  gage  freely  is  accepted;  work 
that  binds  or  does  not  enter  is  rejected.  Some  machines  are 
arranged  to  reverse  by  using  a  treadle  or  shipper. 

Information.  —  For  "go"  and  "no-go"  inspection,  two  machines 
may  be  used,  one  with  the  "go"  gage,  the  other  with  the  "no-go"  gage. 

66.  Automatic  machines  for  inspecting  machine  parts  are 
used  to  some  extent  on  small  plain  work.  Balls  and  rollers 
for  bearings  are  usually  inspected  and  sorted,  and  often 
counted  by  automatic  machines. 

The  machines  for  this  work  are  so  constructed  that  the 
parts  move,  by  gravity  or  otherwise,  past  or  through  a  series 
of  gages  which  act  automatically;  accepted  parts  drop  into 
one  receptacle  and  reiected  parts  into  another. 


\ 
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SECTION  14 

INSPECTION  OF  MACHINE  TOOLS,  PRECISION 
MEASUREMENT  OF  THREADS,  HEAVY  DUTY 

TURNING  AND  BORING 

Inspection  of  Machine  Tools:   Engine  Lathe,  Drilling  Machine,  Milling 
Machines,    Planer.    Inspection    of    Threads.    Limits    Applied    to 
Threads.    Thread    Lead    Indicators    and    Testing    Machines. 
Wire  Systems  for  Precision  Measurement  of  Pitch  Diam- 
eters and  Angles  of  Threads.    Heavy  Duty  Boring  and 
Turning.    Vertical  Turret  Lathes. 

INSPECTION  OF  MACHINE  TOOLS 

1.  Inttoduction.  —  During  the  building  and  assembly  of 
machine  tools,  tests  are  made  with  proof  bars,  surface  plates, 
parallels,  levels,  straight  edges,  templets,  and  various  forms  of 
test  and  indicating  gages  to  insure  the  alinement  and  accuracy 
of  the  component  parts.  Tests  made  before  and  during 
assembly  may  be  repeated  after  assembly  with  the  addition  of 
different  cutting  operations  to  prove  the  accuracy  and  aline- 
ment of  the  machine,  and  to  insure  that  the  machine  will  pro- 
duce accurate  work.  Some  parts  are  often  given  their  final 
tests  and  inspection  during  scraping  and  assembly,  to  elimi- 
nate the  necessity  of  taking  down  and  reassembling  the  machine 
should  corrections  be  necessary. 

SmaU  errors  are  usually  corrected  by  scraping;  excessive 
errors  often  require  remachining  and  scraping  or  the  replacing 
of  the  inaccurate  parts.  The  general  procedure  of  inspection 
is  practically  the  same  for  all  machine  tools  and  differs  only 
with  the  type  of  machine  and  the  class  of  work  which  it  pro- 
duces.   See  Scraping,  Principles  of  Machine  Work. 
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Information.  —  Wooden  shims,  or  shinies,  are  oommonly  used  to 
level  up  machines.  One  leg  or  corner  of  the  machine  base  diould 
remain  on  the  floor  and  as  few  thicknesses  as  possible  used.  Af t^  the 
machine  is  set  in  place  and  leveled,  additional  shims,  or  ahingleg^  should 
be  driven  in  to  fill  open  spaces  under  the  legs  or  base  to  give  a  scdid 
bearing. 

2.  The  planing  of  beds,  tables,  frames,  and  olfaer  com- 
ponent parts  of  machines  is  the  fundamental  basis  of  accurate 
machine  building.  The  alinement  of  a  machine  depends,  to 
a  large  extent,  upon  the  accuracy  of  the  planer  upon  which 
the  bed  or  frame  of  the  machine  is  planed.  An  expert  scraper 
can  correct  small  errors,  but  depends  lai^ely  upon  the  planer 
for  accurate  alinement  since  straight  edges,  scraping  jigs,  or 
surface  plates  are  not  always  available  or  convenient  to  use 
on  large  work.  Large  errors  cannot  be  corrected  economically 
by  scraping.  Surfaces,  especially  of  large  work,  are  often 
scraped  to  fit  each  other.  See  Planers,  p.  90l,  and  Inspection 
of  a  Planer,  p.  14l6. 

3.  Proof  bars,  except  for  boring  tests,  should  be  hardened 
and  accurately  ground.  The  tapers  should  fit  the  spindle 
holes  properly,  and  the  straight  portions,  while  not  necessarOy 
of  any  exact  dimension,  should  not  vary  over  O.OOOl"  in 
diameter  along  the  entire  lengths.  The  bars  should  be  in- 
spected periodically  by  testing  on  centers  with  an  indicator. 
See  p.  12lO.  The  proof  spindles  should  be  made  with  an 
extension  on  the  rear  end  to  counterbalance  the  weight  of  the 
test  end  which  extends  over  the  way^. 

INSPECTION  OF  AN  ENGINE  LATHE 

4.  Requirements  for  engine  lathe  accuracy.  —  To  produce 
accurate  work  a  lathe  should  comply  with  the  following 
requirements: 

I.  All  parts  of  the  mechanism  should  run  smoothly  and 
accurately. 

II.  Parts  that  travel  on  the  bed  must  move  parallel  to  the 
ways. 

III.  The  spindle  axis  should  be  parallel  to  the  ways  for 


INSPECTION  OF  AN  ENGINE  LATHE  1403 

turning  work  on  centers,  holding  work  in  chuck  or  on  face 
plate. 

IV.  A  line  from  live  center  to  dead  center  should  be  parallel 
to  the  ways,  and  be  a  continuation  of  the  center  line  of  the 
spindle. 

V.  The  carriage  slide  and  compound  rest  should  be  at  right 
angles  to  the  ways  and  axis  of  spindle. 

VI.  The  adjusting  screws  to  set  over  the  footstock  (tail- 
stock)  should  be  fitted  free  enough  to  be  operated  with  the 
thumb  and  finger. 

VII.  The  centers  should  be  true,  and  the  dead  center 
hardened,  tempered  and  ground. 

5.  Testing  a  lathe  during  assembly.  —  The  bed  is  carefully 
leveled  and  kept  so  during  assembly  and  inspection.  This 
will  insure  proper  alinement  of  the  ways  and  prevent  dis- 
tortion. 

To  level  a  lathe,  an  accurate  machinists'  level  is  set  across 
lathe  on  top  of  ways  at  each  end,  to  test  the  wind  of  the  bed. 
The  level  is  then  placed  parallel  to  ways  to  level  lengthwise. 
To  support  the  level,  V  blocks  which  fit  the  ways  of  the  lathe 
are  sometimes  used.  If  the  lathe  is  long,  tests  are  made  at 
several  intermediate  points.  Small  lathes  are  usually  bolted 
to  the  floor;  large  lathes  may  or  may  not  be.  When  bolting 
a  lathe  to  the  floor,  care  should  be  taken  not  to  distort  or  warp 
the  bed.    See  Engine  Lathes,  p.  lOl. 

6.  To  aline  lathe  carriage.  —  After  scraping  the  loose 
metal  from  both  the  inner  and  outer  ways  of  the  bed,  the  car- 
riage is  scraped  to  a  bearing  with  the  outside  ways.  See 
Scraping,  Principles  of  Machine  Work.  The  outside  ways 
are  scraped  to  give  accurate  bearing  and  alinement,  using  the 
carriage  as  a  standard  or  templet.  The  carriage  V  ways  are 
then  rescraped  to  give  bearing  surfaces  at  the  ends  of  the  V 
ways  only,  after  which  the  carriage  is  tested  to  see  if  the  center 
line  of  the  cross  slide,  or  compound-rest  base,  is  at  right  angles 
to  the  ways. 

To  test  carriage,  set  special  jig  Aj  Fig.  1,  on  the  ways. 
Clamp  dial  test  indicator  B  to  the  slide-rest  base  C  with  point 
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D  of  indicator  touching  ttie  jig  surface.    Move  indicator  back  1 
and  forth  acroas  the  carriage  on  the  slide-rest  base,  and  note 
any  variation  in  reading  of  indicator.     Make  coiTecti(m9  by 
scraping  V  ways  in  the  carriage. 


Ro.  1.  —  TeansQ  Aunement  op  C&RRuaB  with  the  Waib. 

It  is  well  to  make  this  test  at  two  or  three  points  along  the 
lathe  bed,  and  if  there  is  any  distortion  in  the  Bed,  corrections 
may  be  made  when  alining  the  carriage. 

To  insure  that  the  lathe  will  face  slightly  concave,  the  ends 
of  the  carriage  V  ways  are  scraped  so  that  the  carriage  will  be 
about  0.0005"  out  of  alinement  toward  the  back  of  lathe. 

Information. — The  dovetail  is  scraped  to  a  strai^t  edge.  The 
elide  or  compound-rest  base,  to  which  the  indicator  is  attached,  ia 
Bcraped  to  a  bearing  with  the  dovetail. 

7.  The  cricket  or  footstock  base  is  first  scraped  to  a  good 
bearing  with  the  ways.  The' ways  are  next  scraped  using  the 
cricket  as  a  standard  or  templet.  The  cricket  V  ways  are 
then  scraped  to  give  a  bearing  at  the  ends  only.  The  flat 
surfaces  of  cricket  and  footstock  are  scraped  to  a  standard 
surface  plate  after  which  they  are  scraped  together  to  insure 
a  true  bearing. 

8.  To  aline  lathe  spindle  with  ways.  —  The  spindle  is 
fitted  to  its  bearings  by  scraping,  and  the  headstock  V  waj'S 
are  scraped  to  a  bearing  with  the  inside  ways  of  the  bed.  See 
To  Make  Small  Lathe  Spindle,  p.  622. 


TESTING  ALINEMENT  OF  SPINDLE 
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To  test,  place  proof  or  dummy  spindle  A,  Fig.  2,  on  head- 
stock  bearings  B,  B\  The  proof  spindle  consists  of  a  bar  a 
portion  of  which  is  ground  to  fit  spindle  bearings.  The  test 
part  has  enlarged  portions  C  and  C  at  each  end,  8"  to  18" 
apart,  which  are  accurately  ground  to  the  same  diameter. 
Take  readings  with  indicator  D  on  top  of  bar,  as  at  D  and  D\ 
A  difference  in  the  two  readings  not  exceeding  0.00025"  is 
permissible. 


Q«        HEADSTOCK 
/  / 


Fig.  2.  —  Testing  Aunement  op  Spindle  with  the  Wats. 


Correct  errors  by  scraping  the  V  ways  in  the  headstock. 
Make  additional  tests  at  the  side  of  bar,  as  shown  in  detail 
&t  E. 

To  insure  that  the  lathe  will  bore  slightly  larger  at  the  outer 
end  of  hole,  the  V  ways  in  headstock  are  scraped  to  throw  the 
outer  end  of  proof  spindle  out  of  alinement  0.0006"  toward 
the  back  of  lathe. 

Infannatum.  —  For  some  tjrpes  of  indicators,  it  is  more  convenient 
to  take  readings  on  the  under  side  of  spindle  than  on  the  top. 

9.  Inspection  of  lathe  after  assembly.  —  Level  machine 
carefully.  Test  live  and  dead  centers  in  their  respective 
spindles  by  the  use  of  artists'  blue,  to  determine  bearings. 
Oil  and  adjust  all  bearings;  put  on  belts  and  allow  lathe  to 
run  for  a  short  time.  The  mechanism  should  operate  without 
excessive  vibration,  and  speed  and  feed  changes  be  easily  made. 
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10.  To  test  accuracy  of  t^wr  hole  in  lathe  ^nndle.  — 

InBert  proof  bar  A,  Fig.  3,  in  taper  hole  in  beadatock  spiDdle; 
revolve,  and  test  at  spindle  end  with  indicator  B  held  in  tool 
post,  aa  at  C. 

An  error  of  0.0005"  is  permissible.  Move  canine  along 
latbe  bed  and  test  proof  bar  at  outer  end,  as  at  C.  The  error 
at  outer  end  should  not  exceed  0.0015".  If  greater  errors 
exist,  the  spindle  bole  may  be  reamed  to  alinement  or,  in 
extreme  cases,  rebored. 


Fia.  3.  —  Testino  Accubact  of  Tapeb  Holb  in  Lathe  Sfindlb. 

11.  Testing  alinement  of  lathe  centers.  —  DupUcate  pli^ 
are  inserted  in  the  taper  holes  in  the  headstock  and  footstock 
spindles.  These  plugs  have  short,  duplicate,  and  accurately 
ground  gaging  ends.  The  footstock,  with  the  spindle  run 
back,  is  moved  toward  headstock  so  that  the  plugs  neaiiy 
touch.  The  distances  of  the  plugs  above  the  ways  are  then 
measured  with  an  indicator.  The  dead  center  should  not  be 
over  0.0015"  higher  than  the  live  center  to  allow  for  rigid 
clamping  and  wear  in  the  V  ways.  Errors  may  be  corrected 
by  scraping  the  headstock  or  cricket.  As  the  headstock  and 
complete  footstock  are  bored  and  planed  together  in  jigs,  very 
little  correction  is  usually  necessary. 

The  footstock  may  now  be  set  in  alinement  by  testing  the 
plugs  at  the  side  and  making  zero  lines  on  footstock  and  cricket 
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Attention.  —  Alinement  of  centers  may  also  be  tested  by  mounting  a 
long  proof  bar  on  centers  and  testing  with  an  indicator.  See  To  Set 
Dead  Center  in  Alinement  to  Turn  Straight,  p.  Il6. 

Information.  —  Before  the  plug  is  removed  from  the  footatock,  the 
spindle  is  extended  and  the  plug  again  measured  to  test  the  accuracy 
of  the  footatock  Bpindle  alinement. 

12.  To  nuke  lathe  horing  test.  —  Insert  proof  bar  A,  Fig. 
4,  with  taper  shack  in  the  spindle  hole.  Take  trial  cuts  on 
the  enlarged  portion  at  each  end  of  the  bar  with  the  same  tool 


Fig.  4.  —  Meaburino  Proof  Bar  for  Borinq  Test. 

setting.  Measure  these  diameters  with  micrometer  calipers 
B,  as  at  C  and  C.  A  difference  in  diameters  of  0.00025"  in 
eight  inches  is  permissible,  but  preferably  with  the  outer  end 
of  bar  the  larger  no  that  when  the  lathe  is  used  for  boring,  the 
outer  end  of  the  hole  will  be  slightly  larger. 

Infifnnalum.  —  Another  boring  test  may  be  made  by  holding  a  hol- 
low piece  in  a  chuck,  taking  several  boring  cuts,  and  mcBsuring  the 
diameter  of  the  bole  with  inside  micrometers. 

13.  To  nuke  lathe  facing  test.  ~  Screw  face  plate  A,  Fig. 
5,  on  spindle  and  take  two  facing  cuts,  one  inward  and  one 
outward.  Test  face  plate  with  straight  edge  B  and  three 
pieces  of  0.001"  tissue  paper,  C,  C,  C.    The  surface  should  be 
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either  flat  or  not  over  0.0005"  concave.  The  face  should 
never  be  convex.  Correct  any  errors  by  scraping  the  carnage 
V  ways. 


Fig.  6.  —  Testinq  Face  Plate  fob  Factno  Test. 

14.  Special  lathe  tests.  —  When  lathes  are  to  be  used  for 
special  purposes,  or  when  extreme  accuracy  is  desired,  the 
lead  screws,  gearing,  etc.,  are  given  indicator  and  operation 
tests  to  determine  their  accuracy.  See  Lead  Screw  Testing 
Machine,  p.  1424. 

INSPECTION  OF  A  VERTICAL  DRILLING  MACHINE, 
DRILL  PRESS  OR  UPRIGHT  DRILL 

16.  Setting  up  drilling  machine  for  inspection  or  oper&tion. 
—  The  machine  is  leveled  by  setting  the  face  of  the  column 
plumb.  It  is  tested  with  a  machinists'  level  held  vertically 
against  the  face  of  column.  All  drilling  machines  should  be 
bolted  to  fioor  to  prevent  vibration.  See  Drilling,  PriTicijAei 
of  Machine  Work. 

The  principal  tests  are  made  to  find  out  if  the  drilling  table 
and  base  are  at  right  angles  to  the  spindle,  and  to  detennine 
the  accuracy  of  rotation  of  the  spindle  hole. 
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16.  To  test  accuracy  of  table  ci  drilUng  machine.  —  Insert 
special  taper  plug  A,  Fig.  6,  in  spindle  hole.  The  lower  end 
is  made  to  hold  rod  B  which  has  indicator  C  at  oater  end. 
Place  small  parallel  block  D  on  table,  lower  spindle,  so  that 
indicator  point  touches  block,  and  take  reading.  Test  the 
table  at  several  points  by  rotating  spindle  by  hand  and  use 
the  parallel  block  to  span  the  table  slots.  The  front  of  the 
table  should  be  about  0.003"  high  to  allow  for  pressure  of  cut 
and  sag  of  table.  Correct  alinement  of  table  by  scraping  the 
face  of  column  end  of  arm  until  table  is  in  proper  alinement. 


17.  To  test  accuracy  of  drilling  machine  spindle  hole.  — 

Insert  proof  bar  A,  Fig.  7,  in  spindle;  revolve,  and  test  with 
indicator  B.  Make  tests  at  spindle  end  and  at  lower  end  of 
bar.  For  ordinary  work,  the  proof  bar  may  run  out  0.00025" 
at  the  spindle  end  while  the  lower  end  may  be  0.00075"  out 
of  alinement.  Make  corrections  by  scraping  the  face  of  flange 
when  the  column  is  bolted  to  the  base,  and  by  scraping  the 
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inside  surface  of  column  socket  when  it  is  clamped  in  the 
socket. 

I^formtaim.  —  The  base  may  be  ^ven  teste  for  alinement  aimilar 
to  the  table  teats. 

INSPECTION  OF  A  PLAIN  OR  UNIVERSAL  MILLING 
MACHINE 

18.  To  test  a  milling  machine.  —  The  spindle,  column  face, 
and  knee  are  made  to  fit  and  aline  within  certain  limits  by 
careful  machining  and  scraping;  they  are  usually  given  thdr 
final  inspection  during  scraping  and  assembly  to  eliminate  the 
necessity  of  testii^  ^^in  when  the  machine  is  fuUy  assembled. 

19.  Setting  up  a  milling  macliine  for  inspection  cr  opera- 
tion.  —  To  set  up,  an  accurate  machinists'  level  is  held  verti- 
cally against  face  of  column 
to  see  if  it  is  plumb.  The 
column  should  also  be  test- 
ed with  the  level  held 
against  edge  of  column. 
Milling  machines  should 
be  bolted  to  the  floor  to 
prevent  vibration.  See 
Milling  Machines,  p.  lOoi. 

>-  20.  To  test  alinement  (< 
spindle  axis  with  the  face 
c^  the  machine  column.— 
Remove  knee  to  leave  face 
of  column  free  for  testii^. 
Insert  special  plug  A,  with 
indicator  B  attached,  Pig. 
8,  in  spindle  hole.  Place 
parallel  C  in  a  vertical 
position  gainst  the  face  of 
column,  as  in  figure.  Ro- 
tate spindle  by  hand  until 

measuring  point  of  indicator  touches  front  surface  of  parallel. 

Take  readings  at  D  and  E.     Assuming  the  distance  between 
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D  and  i?  to  be  three  feet,  the  reading  at  D  may  be  from  0.004^' 
less  to  0.002''  more  than  the  reading  at  E. 

Then  place  parallel  in  a  horizoatal  position,  as  shown  at  C 
and  take  readings  at  D'  and  E\  The  reading  at  D'  may  be 
0.002"  less  than  E'  but  not  greater.  Correct  errors  in  both 
cases  by  scraping  the  spindle  bearings. 

21.  To  test  alinement  of  millixig  machine  knee  with  the 
face  of  column.  —  With  table  and  saddle  removed,  as  in  Fig. 
9,  place  square  or  angle  plate  A  on  knee  B.  Hold  indicator 
C,  attached  to  stand,  against  face  D  of  column  so  that  the 
measuring  point  touches  face  of  square.  Make  tests  at  top 
and  bottom  of  square,  as  at  £  and  E\  The  reading  at  E  may 
be  0.001''  greater  than  the  reading  at  £'  in  a  distance  of  18", 
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Fig.  9.  —  Testing  Aunement  op  Knee  wtth  Face  op  Column. 

to  allow  for  pressure  of  cut  and  sag  of  knee.  Correct  errors  by 
scraping  face  of  knee  which  bears  on  face  of  column.  Make 
similar  tests  between  edge  of  column  and  top  of  knee,  and 
between  side  of  knee  and  face  of  column.  Small  errors  which 
will  offset  the  cutting  strains  of  the  machine  are  permissible. 
22.  To  test  accuracy  of  rotation  of  spindle  hole.  —  Insert 
proof  bar  A,  Fig.  10,  in  spindle  hole.  Place  indicator  B, 
attached  to  stand  C,  on  top  of  knee  D  so  that  measuring  point 
touches  top  of  proof  bar.  Rotate  proof  bar  and  take  readings 
at  spindle  end,  as  at  E,  and  at  outer  end  as  at  E\ 
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An  eccentricity,  not  to  exceed  0.0005''  at  the  spindle  end, 
and  0.001"  at  twelve  inches  from  spindle  end  is  permissible. 
If  larger  errors  exist,  the  spindle  hole  may  be  reamed  to  aline- 
ment,  or,  in  extreme  cases,  rebored. 


IMOtCATOK 

B 


Fig.  10.  —  Testing  Accuract  of  Taper  Hole  in  Milling 

Machine  Spindle. 


23.  To  test  alinement  of  milliiig  machine  table.  —  Place 
special  proof  bar  A,  Fig.  11,  in  spindle  hole.  Set  indicator 
By  attached  to  stand  C,  on  table  D  so  that  measuring  point 
bears  on  top  of  proof  bar.  Run  the  table  in  and  out,  and  take 
readings  at  E  and  E'.  The  height  at  E  may  be  0.001"  less 
than  the  height  at  E',  but  not  greater.  Make  corrections  by 
scraping  top  of  saddle. 

24.  To  test  accuracy  of  table  with  knee.  —  Move  table  Aj 
Fig.  12,  inward  on  knee  B  far  enough  to  give  sufficient  bearing 
on  top  of  knee  for  indicator  stand  C.  Set  indicator  D  so  that 
measuring  point  rests  on  block  E  which  is  used  to  span  the 
table  slots.  Take  a  reading  at  F;  then  move  indicator  to 
position  F'  and  take  another  reading.  There  should  not  be 
over  0.00025"  difference  in  the  two  readings.     Correct  errors 
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by  scraping  top  of  sfiddle.     If  desired,  the  table  may  be  moved 
along  in  the  direction  of  travel  and  other  readings  taken. 


Flo.  11.  —  Tebtino  Alinbment  or  Table  with  Sfindli. 


Fio.  12. — Testing  Aunekent  of  Table  with  Knee. 

26.  To  test  alinement  of  overbangiug  arm.  —  Move  arm 
A,  Fig.  13,  to  its  working  position.  Raise  knee  B  until 
special  micrometer  gage  C,  which  rests  on  stand  D  on  table  E, 
touches  lower  surface  of  arm.    Take  a  reading  at  outer  end 
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of  arm,  as  at  F.    Move  table  back^  and  gage  over,  and  take 
another  reading,  as  at  F\ 

The  reading  at  F  should  not  differ  more  than  0.001"  from 
the  reading  at  F'.    Correct  errors  by  scraping  arm  bearings. 


6JCE 


Fig.  13.  —  Testinq  Alinsicent  of  Abm  with  Top  of  Tablb. 


26.  Additional  inspection  tests.  —  The  dividing  head,  vises, 
and  other  attachments  and  fixtures,  also  the  gearing,  feed 
screws,  table  slots,  etc.,  are  usually  given  some  form  of  in- 
spection. 

INSPECTION  OF  A  VERTICAL  MILLING  MACHINE 


27.  The  principal  tests  applied  to  a  vertical  milling  machine 

are  similar  to  those  made  on  a  plain  or  universal  machine. 
Surfaces  which  must  be  parallel  to  the  spindle  axis  in  the  plain 
or  universal  machine  are  perpendicular  to  that  axis  in  the 
vertical  machine,  and  vice  versa.  These  machines  are  also 
usually  inspected  during  scraping  and  assembly  to  see  that 
the  spindle  knee  and  column  fit  and  aline  properly. 

AUention,  —  Before  inspection  or  assembly,  the  machine  should  be 
properly  set  up  by  making  face  of  column  vertical,  see  Vertical  Milling 
Machine,  p.  1043. 
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28.  To  test  knee  for  alinement  with  spindle.  —  Place 
iccurate  parallel  A,  Fig.  14,  on  knee  B,  parallel  to  and  near 
'ace  of  column. 

Insert  special  plug  C  with  radius  arm  and  indicator  D  at- 
:Ached,  in  spindle  hole.  Raise  knee  until  measuring  point  of 
indicator  touches  block  E  on  parallel.  Take  a  reading  at  F. 
Turn  spindle  and  take  another  reading  at  other  end  of  parallel. 
Move  the  parallel  to  front  of  knee  and  take  similar  readings. 


Fig.  14.  —  Testing  Aunbment  op  Knee  with  Spindle. 


This  will  give  four  test  points,  as  shown  in  detail  at  G,  The 
front  of  the  knee  may  be  0.002"  high  to  allow  for  pressure  of 
cut  and  sag  when  saddle  and  table  are  mounted.  Correct 
errors  by  scraping  the  face  of  the  knee. 

Information. — The  spindle  bearing  holes  are  bored  in  a  jig  after 
planing  but  before  scraping  face  of  column.  The  holes  are  usually 
alined  accurately  enough  for  ordinary  work.  A  few  machines,  how- 
ever, selected  at  random,  may  be  tested  to  check  the  quality  of  pro- 
duction. 

29.  To  test  alinement  of  table  with  spindle  at  different 
positions.  —  Mount  saddle  and  table  in  position  and  connect 
the  various  screws,  gears,  and  attachments.     Insert  special 
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plug  A,  Fig.  15,  with  indicator  B  attached,  in  hole  of  spindle 
C.  Place  accurate  square  D,  with  blade  vertical,  on  table  E 
so  that  measuring  point  of  indicator  touches  edge  of  square. 
Lower  spindle  to  its  extreme  position  and  take  a  reading  at  F. 
Then  raise  spindle  and  take  another  reading  at  F'.  Place 
square  at  90°  from  first  position  and  take  similar  readings. 
An  error  not  to  exceed  0.001"  in  24"  at  the  top  in  either  direc- 
tion is  permissible.  Should  greater  errors  exist,  rescrape 
spindle  bearings  or  install  a  new  spindle  equipment. 


Fio.  15.  —  TEsrma  Alinbiient  op  Table  wttb  Sfindlb. 

The  table  is  also  tested  for  alinement  with  the  spindle  by 
the  same  process  used  for  testing  the  knee.    See  p.  lll£. 

INSPECTION  OF  A  PLANER 

30.  To  detenoine  the  accuracy  of  a  planer.  —  Since  planing 
is  the  basis  of  the  accurate  alinement  of  many  machines  it  is 
necessary  that  the  component  parte  of  a  planer  aline  and 
operate  properly.  Careful  tests  must  be  made  during  and 
after  assembly. 

Before  inspection  or  assembly,  the  bed  should  be  carefully 
leveled  to  prevent  distortion.  It  may  or  may  not  be  bolted 
to  the  floor;   but  if  bolted  to  the  floor,  care  should  be  taken 
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not  to  distort  it  by  excessively  tightening  the  floor  bolts. 
See  Planers,  p.  9oi. 

31.  To  level  planer  bed.  —  When  the  surfaces  of  V  ways  are 
not  finished  true  with  the  face,  accurate  rollers  or  V  blocks 
should  be  used  to  support  the  parallels  and  level. 


Pio.  16.  —  LiiVBUNa  Planer  Bed  Bepore  Abbeublt. 

Xo  level  bed  A,  Fig.  16,  set  level  B  crosswise  on  rollers 
C,  C  which  rest  in  V  ways  D,  D'  at  center  of  bed;  then  test 
the  bed  lengthwise  by  placing  level  E  lengthwise  on  parallels 
F  and  F',  as  shown.  Ckirrect  errors  in  both  testa  by  placing 
shims  under  the  legs.  Repeat  these  operations  at  intervals 
of  from  2'  to  4'  along  the  bed  in  both  directions  from  the 
center,  depending  upon  the  size  of  the  planer. 

The  bed  may  again  be  leveled  after  housings  and  top  rail 
are  in  place,  to  correct  any  distortion  of  the  bed  due  to  the 
weight  of  added  parts. 
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S2.  To  test  planer  housings.  —  The  fronts  of  the  housings 
must  be  parallel  to  each  other  and  perpendicular  to  the  ways 
of  the  bed  for  the  planer  to  pi-oduce  accurate  work. 

The  sides  of  housings  or  cross-rail  guides  must  also  be  paral- 
lel to  each  other  and  perpendicular  to  the  planer  ways,  so 
that  the  cross  rail  may  be  raised  or  lowered  parallel  to  the 
table,  or  ways,  and  at  the  same  time  have  no  lateral  motion. 

To  test  front  of  housings,  hold  level  square  A,  Fig.  17, 
against  the  broad  face  of  housing  B  and  note  the  position  of 
the  bubble  in  the  level;  then  move  level  square  over  to  housing 


Fig.  17.  —  Testinq  Planer  Houbinqs  with  Level  Squabs. 

B'  and  hold,  as  at  A'.  Correct  errors  by  scraping  or  plam^g 
the  base  of  the  housings.  The  level  square  may  be  pla^ 
lengthwise  on  the  ways  and  the  position  of  the  bubble  noted, 
since  the  location  of  the  bubble  when  level  square  is  he*" 
against  housing  should  coincide  with  the  position  when  on 
ways. 
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To  test  Bides  of  hoosiiigs  ch'  cross-rail  guides,  place  parallel 
A,  Fig,  18,  across  bed  on  rollers  B,  B'.  Set  accurate  square 
C  on  parallel  with  blade  near  side  of  housing  D.  Mount  in- 
dicating fixture  E  on  housing  D  and  guide  it  by  edge  F. 
Adjust  square  so  that  the  blade  will  touch  measuring  point  of 


Fig,  18.  —  Testing  Aunbhbht  op  Cbo66-Rail  Goidi  to  Bkd. 

indicator.  Move  the  fixture  up  and  down  and  take  readings 
at  0  and  G'.  A  difference  in  the  readings  not  to  exceed 
0,0015"  in  36",  is  permissible.  Repeat  the  operation  on  the 
other  housing.  Make  corrections  by  scraping  or  planing  the 
base  of  housing. 

Information.  —  The  indicating  fixture  is  designed  to  bear  on  the 
cross-rail  guide.  Some  planers  have  tliis  surface  on  the  inside  of  the 
housings  and  othere  on  the  outaide. 

AUeniion.  — This  method  is  frequently  used  to  test  the  front  faces 
of  the  housings  instead  of  the  level  square  method. 
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33.  Leveling  planer  table.  —  The  table  is  fire;,  scraped  to 
a  bearing  with  the  V  ways  of  bed,  and  the  V  ways  of  bed 
scraped  to  a  finish  bearing  using  the  table  as  a  standard  or 
templet.  They  should  again  be  leveled  to  correct  distortion 
due  to  the  additional  weight.    The  table  is  run  backward  and 


Fia.  19.  — Testikq  Cross  Rail  to  bee  ir  Parallbi.  with  Tablc. 

forward  as  far  as  possible  and  the  ways  tested.  As  a  furfh 
test,  the  table  may  be  run  back  and  a  level  placed  across  i  <. 
the  front  end.  The  table  is  then  run  forward  slowly  and  any 
change  in  the  position  of  the  bubble  noted.  The  operation  is 
repeated  with  the  level  at  the  other  end  of  the  table.  Errora 
are  corrected  by  placing  shims  under  the  legs  or  base  of  bed. 
A  final  leveUng  test  should  be  given  with  the  table  in  t' ' 
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middle  of  the  bed.  A  parallel  or  straight  edge  is  placed 
lengthwise  on  the  table  supported  by  three  accurate  blocks, 
with  tissue  paper  between  the  straight  edge  and  the  blocks, 
to  determine  the  bearing.  Any  difference  in  the  bearing  on 
the  blocks,  or  difference  in  the  number  of  thicknesses  of  the 
tissue  paper,  will  show  that  the  table  is  curved,  due  to  the  ways 
not  being  level.  Errors  are  corrected  by  adjusting  the  shims 
under  the  base  of  bed.  For  long  planers,  this  test  may  also 
be  made  with  table  alternately  at  both  ends  of  bed  as  well  as 
in  center. 

34.  To  test  cross  rail.  —  The  cross  rail  after  being  scraped 
to  a  bearing  is  set  in  position  and  clamped  to  the  housings. 
The  elevating  screws  and  bevel  gears  are  then  attached.  The 
cross  rail  is  adjusted  and  tested  to  see  if  it  is  parallel  to  table 
so  that  the  planer  will  produce  parallel  work. 

To  test,  set  indicator  A,  Fig.  19,  fastened  to  stand  B,  on 
Table  C  so  that  measuring  point  touches  top  surface  of  cross 
rail  D.  Make  tests  near  each  end  of  the  cross  rail,  as  at  E 
and  E\  The  difference  in  the  readings  should  not  exceed 
0.00025".  Correct  errors  by  changing  the  position  of  one 
bevel  gear  on  shaft  and  adjusting  the  elevating  screw.  As  a 
final  test,  take  a  light  cut  across  the  planer  top  after  cross  rail 
has  been  adjusted. 

Information,  —  When  adjusting  cross  rail  the  final  movement  should 
be  upward,  to  remove  the  backlash  of  the  side  screws.  See  To  Set 
Planer  in  Alioement,  p.  909. 

INSPECTION  OF  THREADS 

36.  Introduction.  —  All  threads  should  first  be  given  a 
visual  inspection  for  smoothness. 

Taps  and  thread  gages  must  have  smooth  threads.     It  is 

-)  desirable  that  screw  threads  for  general  machine  work  be 
smooth.  Screw  threads  that  are  slightly  rough  may  be  ac- 
cepted for  coarse  and  rough  work. 

The  pitch  diameter,  and  outside  and  inside  diameters  are 
the  elements  usually  inspected  with  gages,  but  for  accurate 
work  the  lead  is  also  inspected. 
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36.  Limit  gages  for  screws.  —  External  "  go  "  and  "  no- 
go  "  thread  gages  are  made  circular  and  rectangular  in  form 
and  of  the  same  thickness  as  the  nut  which  is  to  fit  the  thread. 
They  may  be  solid  but  are  usually  split  for  adjustment  and 
supplied  with  locking  screws  that  are  set  and  sealed  with  wax 
to  detect  tampering.  See  Adjustable  Limit  Snap-Thread 
Gages,  p.  225. 

37.  Limit  gages  for  nuts  or  threaded  holes  are  simflar  to 
double-ended  limit  plug  gages,  but  threaded.  The  ''  go  " 
end  is  made  with  its  pitch  diameter  to  the  minimum  limit  and 
the  "  no-go  "  end  to  the  maximum  limit,  see  No.  30,  Chart,  p. 
13l2.    Two  separate  single-ended  gages  may  also  be  used. 

Attention,  —  In  addition  to  the  usual  limit  gages  for  threads,  plain 
ring  and  plug  gages  are  used  to  measure  the  diameter  at  the  tops  of  the 
threads  on  the  screw  and  in  the  nut. 

Information.  —  Ring  and  plug  thread  "go"  and  "no-go"  gages  not 
only  test  the  pitch  diameter  of  a  thread  but  also  check  the  lead. 

LIMITS  APPLIED  TO  THREADS 

38.  Lead  and  pitch  diameter  of  threaded  work.  —  Many 

times  when  the  outside  and  pitch  diameters  are  correct,  a 
screw  and  nut  will  not  fit  because  of  the  difference  in  the  lead 
of  the  threads.  For  rough  work  this  is  not  so  important,  but 
for  work  requiring  accuracy,  strength,  long  wear  and  int^r- 
changeability,  such  as  precision  screws,  lead  screws,  feed 
screws,  jack  screws,  cap  screws,  bolts  and  nuts,  it  should  be 
considered.  The  lead  of  the  average  tap  is  often  short,  owing 
to  the  use  of  steel  which  shrinks  excessively  when  hardened. 
The  lead  of  the  average  screw  is  oftSn  long,  due  to  the  in- 
accuracies and  wear  of  the  thread-cutting  mechanism. 

See  Indicators  and  Testing  Machines  for  the  Precision 
Measurements  of  Thread  Leads,  p.  1427;  Thread  Micrometer, 
p.  12l4,  and  the  Wire  Systems  for  Precision  Measurements  of 
Pitch  Diameters  and  Angles  of  Threads,  p.  1431. 

39.  Evolution  of  a  threaded  fit  and  the  effect  of  errors  in 
lead.  —  When  a  nut  with  a  short  lead  is  turned  halfway  onto 
a  screw  with  a  long  lead,  as  in  Fig.  20,  it  may  fit  loosely  for 
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the  whole  length  of  engf^ement  as  at  A,  B,  and  C;  but  when 
the  nut  is  turned  three-quarters  of  the  way  onto  the  screw,  as 


Pm,  20.  —  Evolution  or  a  Threaded  Fit,    Half  Enoaosubnt. 


Flo.  21.  —  EvoLtmoN  op  a  Threaded  Pit.    Thrhb-Qdaster 

Enoaqbuent.    Intebtbrbnce. 

in  Fig.  21,  it  may  bind  from  interference,  as  at  A  and  B,  and 
be  loose,  as  at  C,  due  to  the  differences  in  the  lead. 
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40.  Finger  fit  —  Cuttiiig  the  screw  to  fit  the  not  — To 
allow  the  nut  to  be  turned  onto  the  screw  for  full  engagement, 
the  pitch  diameter  of  the  screw  may  be  slightly  reduced  by 
taking  additional  cuta  or  by  adjusting  the  die  and  running  it 
on  again;  or,  the  hole  may  be  made  slightly  lai^er  by  an  ad- 
justable tap.  If  the  screw  or  nut  has  been  thus  corrected, 
the  nut  will  turn  all  the  way  on,  as  in  Fig.  22,  and  give  com- 
plete eng^ement;  the  screw  and  nut  will  fit  closely  at  tbe 
ends,  as  at  A  and  B,  but  have  no  cental  in  the  center,  as  at  C. 


41.  Wrench  fit  —  Forcing  a  threaded  fit.  —  Nuta  and 
screws  with  excessive  errors  in  lead  which  can  be  engaged  for 
two  or  three  threads  only  with  the  fingers,  are  often  forced 
with  a  wrench  to  a  full  engagement  since  the  pressure  will 
cause  the  threads  to  bend  or  flow.  While  such  a  fit  is  better 
than  a  loose  one,  if  excessive  force  is  necessary  to  screw  the 
parts  together  the  threads  may  be  weakened  and  abrasion  or 
stripping  of  the  threads  may  result. 

Warning.  —  When  a  nut  is  forced  onto  a  screw,  a  lubricant  rfiould 
be  ufied  which  will  prevent  abrasion,  if  the  fit  m  not  excessively  tight. 
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Infarmaiion.  —  Screws  with  the  excessive  errors  of  lead  when  used 
to  fasten  parts  together  in  this  manner,  are  liable  to  strip  the  threads 
of  the  nut  as  there  are  not  enough  threads,  or  surface,  in  contact. 
Screws  for  transmitting  motion,  such  as  lead  screws,  when  fitted  in 
this  manner,  cause  excessive  wear  in  the  nut  and  soon  become  loose, 
due  to  the  few  threads  in  contact. 

42.  Clearance  at  top  and  bottom  of  threads.  —  To  obtain  a 
clearance  at  the  top  of  threads  between  the  nut  and  the  screw, 
the  outside  diameter  of  the  tap  is  made  slightly  larger  than  the 
nominal  size.  The  amount  of  oversize  will  vary  from  0.001" 
to  0.020"  depending  upon  the  diameter  of  the  screw  and  the 
pitch  of  the  thread.  The  clearance  at  bottom  of  thread  is 
obtained  by  using  a  tap  drill  slightly  larger  than  the  root 
diameter  of  the  tap  or  screw. 

43.  Relations  between  pitch  diameter  and  lead  of  threads. 
—  Errors  in  pitch  diameter  will,  to  a  certain  extent,  modify 
errors  in  lead  so  that  the  greater  the  difference  between  the 
actual  and  basic  pitch  diameters  the  greater  the  errors  in  lead 
may  be  and  apparently  give  a  fair  fit. 

Example  of  a  smaU  tap,  —  The  actual  pitch  diameter  of  a  J"  X 
20  U.  S.  S.  tap  by  measurement  is  found  to  be  0.2193".  The  error 
over  basic  pitch  diameter  (0.2175")  is  0.0018"  for  which  the  error  per 
inch  of  lead  for  the  tapped  hole  is  ±  0.0040".  The  screw  with  this  error 
of  lead  would  be  0.0018"  under  basic  or  have  an  actual  pitch  diameter 
of  0.2157". 

While  the  total  maximum  error  of  lead  may  be  0.0080"  per 
inch,  the  actual  error  per  fit  is  only  0.002"  which  is  per- 
missible for  ordinary  work. 

Example  of  a  large  tap,  — The  actual  pitch  diameter  of  a  1"  X  8 
U.  S.  S.  tap  by  measurement  is  found  to  be  0.9228".  The  error  over 
basic  pitch  diameter  (0.9188")  is  0.0040"  for  which  the  error  per  inch 
of  lead  for  the  tapped  hole  is  i  0.0023".  The  screw  with  this  error  of 
lead  would  be  0.004"  under  basic  or  have  an  actual  pitch  diameter  of 
0.9148".  While  the  total  maximum  error  of  lead  may  be  0.0046"  per 
inch,  the  actual  error  per  inch  would  be  approximately  0.004"  which, 
though  larger,  would  be  permissible  for  certain  classes  of  work. 

Attention.  —  The  actual  pitch  diameter  of  taps  should  be  larger  than 
the  basic  pitch  diameter,  while  the  actual  pitch  diameter  of  screw 
threads  should  be  smaller  than  the  basic.    See  pp.  12 14, 1431. 
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Informalum,  —  For  small  screwSi  the  error  in  lead  per  inch  may  be 
relatively  large  since  the  actual  error  for  the  length  of  engagement  will 
be  only  a  fraction  of  the  lead  per  inch.  For  large  screws,  the  error  in 
lead  per  inch  should  be  relatively  smaller  since  the  actual  error  for  the 
length  of  engagement  wiU  be  a  multiple  of  the  lead  per  inch. 

44.  To  remedy  errors  in  the  lead  of  taps.  —  Steel  which 
changes  the  least  when  hardened  and  tempered  should  be  used 
in  making  taps.  The  thread  should  be  cut  in  machines  with 
precision  thread-cutting  mechanisms,  accurately  scraped 
ways,  correct  alinement,  and  accurate  threading  tools.  Errors 
in  lead  due  to  shrinkage  in  hardening  are  sometimes  com- 
pensated when  cutting  the  thread,  by  using  a  lead  screw 
variator. 

46.  To  remedy  errors  in  lead  of  screws  they  should  be  cut 
with  machines  having  accurate  screw-cutting  mechanisms  or 
with  accurate  dies. 

46.  Allowances  for  grinding  and  lapping  thread  gages. — 
To  obtain  the  necessary  accuracy  and  smoothness,  thread 
gages  are  ground  in  special  machines  or  lapped  to  size  after 
hardening  and  tempering.  Ga«es  less  than  f"  in  diameter 
are  usually  lapped  as  the  threads  are  too  small  to  grind 
accurately. 

Gages  which  are  only  lapped  are  made  with  an  allowance 
of  from  0.0002"  to  0.001"  oversize  in  pitch  diameter,  with 
thread  angle  from  10  to  20  minutes  small.  An  error  not  to 
exceed  0.0005"  in  lead  may  be  corrected  by  lapping.  See  p. 
1228. 

Allowances  for  grinding  are  from  0.005"  to  0.010"  oversize 
in  pitch  diameter  which  are  sufficient  to  correct  usual  errors 
in  lead.  The  gages  are  ground  to  within  the  usual  allowances 
for  lapping. 

47.  Expansion  and  shrinkage  from  hardening  and  temper- 
ing. —  Thread  gages  and  taps  may  expand  from  0.0005"  to 
0.020"  per  inch  of  diameter,  and  shrink  from  0.0005"  to 
0.020"  per  mch  of  length. 
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INDICATORS  AND  TESTING  MACHINES  FOR  THE  PRE- 
CISION MEASUREMENTS  OF  THREAD  LEADS 
48.  Thread  lead  Indicator  A,  Fig.  23,  is  used  for  the  ac- 
curate measurement  of  threads  of  taps  and  thread  gages.  It 
conslBta  of  fixed  measuring  point  B,  movable  measuring  point 
B',  needle  scale  C,  and  nurled  nuts  D  and  D'  on  barrel  E. 


49.  To  test  the  lead  of  thread  of  a  tap,  Fig.  23.  —  Set  the 
points  B,  B'  to  the  desired  distance  apart  either  0.25",  0.50", 
or  1.00"  with  the  master  thread  lead  gage.  Fig.  24.  Adjust 
needle  of  indicator  at  zero  on  scale  C  by  nuts  D,  D'.  Hold 
measuring  points  B,  B'  accurately  in  the  thread  of  tap  and 
read  the  variation  of  the  actual  lead  on  scale  C  in  thousandths 
of  an  inch.  Half,  quarter,  and  tenths  of  thousandths  may  be 
readily  estimated. 
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For  precision  work  the  lead  of  a  tap  should  not  vary  over 
0.0002"  to  0.0005"  per  inch.  Taps,  however,  for  ordinar>- 
work  often  have  a  variation  of  0.0040". 

CO.  To  test  the  lead  of  the  thread  in  a  ring  gage  with  lead 
indicator  A,  Fig.  25.  —  Hold  measuring  points  B,  B'  ac- 
curately in  threaded  work  C  and  take  reading  on  scale  D. 

InfomuUion.  —  Sometimes  it  is  more  convenient  to  hold  indicator 

on  a  stand  and  place  work  on  a  guide  block. 

61.  Lead  testing  machine  for  taps  and  thread  gages,  Fig.  26. 


Fig.  26.  —  Testing  Lead  of  Thread  Gaoe  wtfh  Testing  Machine. 


SCHEDULE  OF  PARTS 


A  —  Frame    with    three-point 

G  —  Dial  indicator. 

bearings. 

ff- Micrometer  spmdle. 

B  — Ball-bearing  carriage. 

J  —  Dial  indicator  spindle. 

Supports  thread-measuring  point 

K  —  Graduated    micrometer 

and  thread-nieaaurins  mechanism. 

gear  wheel  reading  to  O.OOOOl". 

f  —  Thread-measuring     point. 

L  —  Counter  for  revolutions  of 

D  —  Sleeve    containing    spring 

K. 

plunger. 

M  —  Counter  pinion. 

E  —  Plunger  nurled  handle. 

JV- Zero  line. 

F  —  Micrometer  head. 

62.  To  test  lead  of  thread  plug  gi^e  with  lead  testing  ma- 
chine, Fig.  26.  —  Mount  thread  gage  on  centers  and  place 
measuring  point  C  in  thread  groove  by  raising  and  then  lower- 
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ing  handle  E.  Rotate  spindle  H  of  micrometer  head  F  by 
means  of  wheel  K  until  it  pres^s  dial  indicator  spindle  J  so 
that  dial  indicator  G  registers  at  zero.  Take  reading  on 
counter  L  and  at  zero  line  N.  Withdraw  point  C  and  move 
it  one  or  more  threads  to  the  right.  Again  adjust  micrometer 
until  dial  indicator  G  registers  at  zero.  Take  reading  from 
counter  and  zero  line.  Compute  actual  thread  lead  from  two 
readings  and  compare  with  theoretical  or  calculated  lead. 

For  fine  tool  work  the  lead  of  thread  gages  should  not  vary 
more  than  0.0002"  per  inch. 

Imporlanl.  —  Drunken  threads  may  be  detected  by  turning  the 
gage,  or  tap,  quarter  or  half-way  around  aiid  testing  again. 

AUetUion.  — The  actual  lead  per  inch  may  be  measured  by  uaing 
standard  gage  blocks  between  point  of  dial  indicator  and  micrometer 
spindle  instead  of  computing  from  the  lead  per  thread  and  the  number 
of  threads  per  inch. 

Information.  —  The  dial  indicator  is  not  generally  used  for  measuring 
but  only  to  obtain  the  same  pressure  on  the  micrometer  points  each 
time.  It  may,  however,  be  used  to  give  the  exact  error  by  moving  the 
graduated  wheel  to  correspond  with  the  calculated  lead,  inserting  the 
measuring  point  in  the  thread  groove  and  then  taking  reading  on  the 
dial  indicator.    The  dial  indicator  ia  graduated  to  read  to  0.0001". 

63.  The  lead  screw  testing  machine,  Fig.  27,  is  used  prin- 
cipally to  test  the  accuracy  of  Acme  Standard  or  29°  thread 
lead  screws. 


Fig.  27.  —  Testing  Lead  of  a  Lead  Screw  wrrn  Testing  Machine. 

To  set,  place  lead  screw  .4  in  lead  testing  machine  and  clamp 
securely  in  place  in  V  blocks  B  and  B'.  Insert  rod  C  between 
stop  D  on  V  block  B  and  stop  E  on  sliding  carnage  F.    Move 
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carriage  F  to  left  on  carrier  bars  G,  G'  until  it  touches  rod, 
and  clamp  with  thumb  nut  H.  Move  auxiliary  carriage  J  in 
sliding  carriage  F  until  plunger  point  K  will  enter  a  thread 
groove.  Turn  graduated  wheel  L  of  micrometer  head  M 
imtil  micrometer  spindle  N  touches  plunger  of  dial  indicator  P 
and  the  dial  reads  at  zero.  Take  reading  on  graduated  wheel 
L.  This  wheel  may  be  read  to  0.0001".  Withdraw  plunger 
point  K  and  move  auxiliary  carriage  J  one  or  more  thread 
grooves  to  right  or  left  and  set  plunger  point  in  position.  Ad- 
just micrometer  again  until  dial  indicator  roisters  at  zero 
and  take  reading  on  graduated  wheel  L.  Compute  the  dif- 
ference between  readings  and  compare  it  with  the  theoretical 
or  calculated  lead. 

If  the  lead  per  inch  or  per  foot  is  desired,  move  carriage  F 
to  left  end  of  machine  until  stops  D  and  E  touch.  Clamp  in 
position  and  take  reading.  Move  carriage  to  right  and  insert 
standard  combination  gage  blocks  between  stops  D  and  £. 
Clamp  in  position  and  take  second  reading.  These  blocks  may 
be  1",  3",  6",  12",  etc.,  depending  upon  the  distance  desired. 

For  precision  lead  screws,  the  lead  should  not  vary  over 
0.001"  per  foot.  In  lead  screws,  for  ordinary  purposes  such 
as  lathe  lead  screws,  a  variation  of  0.003"  to  0.005"  per  foot  is 
often  allowed. 

64.  Optical  principle  for  flie  precision  measurement  of 
threads  makes  use  of  projected  and  reflected  rays  of  light  in 
connection  with  special  precision  machines. 

The  enlargement  of  errors  in  the  thread  obtained  by  the 
multiplying  effect  of  the  instrument  makes  extreme  accuracy 
possible. 

The  leads  of  threads  are  measured  with  machines  which 
have  extremely  accurate  micrometer  screws  and  heads,  and 
which  use  a  beam  of  reflected  light  as  an  indicator  for  deter- 
mining the  position  of  the  measuring  point  and  the  proper 
pressure  on  the  micrometer  spindle. 

The  forms  ^nd  angles  of  threads  are  measured  by  the  pro- 
jected light  principle,  using  a  projection  machine  and  templets 
or  gages. 
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These  methods  while  used  chiefly  for  laboratory  and  re- 
search work  may  be  used  whenever  extreme  precision  is  de- 
sired. 

WIRE  SYSTEMS  FOR  PRECISION  MEASUREMENT  OF 

PITCH  DIAMETERS  AND  ANGLES  OF  THREADS 
66.  The  diree-wire  system  is  used  for  the  accurate  deter- 
mination of  the  pitch  diameter  and  thread  angle  of  screw 
threads.     It  utilizes  a  series  of  groups  of  three  wires  of  the 
same  diameter,  and  a  micrometer  caliper,  or  similar  measuring 


M 

1. 


Flo.  28.  —  Principle  op  Mgasttbeicent  bt  the  Thrbe-Wire  Systsh. 

instrument,  as  shown  in  Fig.  28.  The  measurement  over  the 
wires  is  used  in  an  empirical  formula,  tt^ether  with  the  nomi- 
nal diameter  of  the  screw,  the  |Htch  of  the  thread,  and  the 
diameter  of  the  measuring  wires. 


1 L           .09  6i         ol 

Fio.  29. 

—  Specimen  Wisn. 

The  measuring  wires,  Fig.  29,  are  hardened,  tempered,  and 
accurately  ground  and  lapped  to  size.  The  part  of  the  wires 
finished  for  measuring  is  about  3"  to  4"  long.     Wires  are  ob- 
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tainable  with  the  handle  or  grip  portion  made  in  different 
shapes. 

To  save  unnecessary  calculation,  tables  are  obtainable  which 
give  the  proper  sizes  of  wires  for  different  sizes  and  styles  of 
threads.    See  p.  1434. 

Holder  for  measuring  threads  with  three  wires.  — To 
measure  work  conveniently,  a  holder  or  special  stand,  Fig.  30, 
may  be  used  which  consists  of  base  A  and  V  block  B.  Place 
thread  gage  C  in  V  block  B  and  secure  by  clamp  screw  D, 


THREAD 

MCASURINQ 

WIRES 


Fig.  30.  —  Method  of  Holdinq  Work  and  Wires  whilb 

Meabitrikq. 


Suspend  measuring  wires  by  fine  wires  or  strings  from  sup- 

• 

ports  E,  E\    Take  measurement  over  wires  with  microm- 
eter F. 

Attention,  -=-  An  improvised  holder  can  be  made  by  placing  work  in 
a  vise  and  supporting  the  measuring  wires  with  strings  and  a  bent  wire 
held  in  the  vise,  or  by  holding  the  wires  in  position  by  means  of  rubber 
bands  placed  over  their  ends. 

Information,  —  While  measurements  made  at  one  point  are  usually 
sufficient,  additional  readings  may  be  taken  with  the  wires  in  a  different 
set  of  thread  grooves. 
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66.  Principle  of  measuring  the  pitch  diameter.  —  By 
trigonometry  it  can  be  proved  that  the  measurement  over  the 
wires  Af ,  Fig.  28,  equals  D  —  KP  +  Sd  where  D  =  nominal 
screw  diameter,  K  a  constant,  P  =  pitch  of  thread  and  d  = 
diameter  of  pitch  wires  used.  Elach  style  of  thread  has  its 
own  constant  and  wire  sizes. 

67.  Determination  of  pitch  diameter  of  a  U*  S.  S.  outside 
thread  from  measurement  over  wires.  — 

Example.  —  To  find  correct  measurement  over  wires  and  pitch 
diameter  of  a  f"  X  10  U.  S.  S.  thread  gage. 

Formula.— M  =  D-KP  +  ^d 
where  D  =  0.7500" 

K  =  1.5155  * 

P  = =  -—  =s  0.1000" 

■    number  of  threads      10 

d  «  0.05773.    See  Table,  p.  1434. 

Solvtim.  —  M  «  0.7500  -  1.5155  X  0.1000  +  3  X  0.5773. 

=  0.77164". 

If  the  actual  pitch  diameter  is  correct  or,  in  other  words, 
equals  the  theoretical  or  basic  pitch  diameter,  the  measure- 
ment over  the  wire  should  be  0.77164".  Any  variation  in  the 
measurement  over  wires  from  the  theoretical  will  be  the  same 
as  the  difference  between  actual  and  theoretical  pitch  diam- 
eters. 

Information.  — The  pitch  diameter  is  often  called  the  "angle"  or 
"effective"  diameter. 

68.  Table  of  Seaboldt  wires  for  meastuing  U.  S.  S.  flireads. 

—  The  column  marked  "  Pitch  Wire  "  gives  sizes  of  wires  for 
measuring  pitch  diameters,  columns  marked  "  Large  Wire  " 
and  '*  Small  Wire  "  give  wire  sizes  for  measuring  thread  angles. 
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Threads 

Pitch 

Labor 

4   • 

Small 

Single 

Pitch 

Thrxam 

PBR  Inch. 

WiRB. 

WiRB. 

WiRB. 

Depth. 

PER  Inch. 

50 

.01154 

.01953 

.01076 

.01299 

.02000 

50 

48 

.01202 

.02000 

.01100 

.01353 

.02083 

48 

46 

.01254 

.02145 

.01147 

.01411 

.02173 

46 

44 

.01311 

.02195 

.01197 

.01476 

.02272 

44 

42 

.01374 

.02304 

.01254 

.01546 

.02380 

42 

40 

.01443 

.02425 

.01312 

.01623 

.02500 

40 

38 

.01519 

.02558 

.01379 

.01709 

.02631 

38 

36 

.01603 

.02706 

.01453 

.01804 

.02777 

36 

34 

.01698 

.02871 

.01535 

.01910 

.02941 

34 

32 

.01804 

.03067 

.01628 

.02029 

.03125 

32 

30 

.01924 

.03267 

.01733 

.02165 

.03333 

30 

28 

.02061 

.03508 

.01854 

.02312 

.03571 

28 

26 

.02220 

.03786 

.01993 

.02498 

.03846 

26 

24 

.02405 

.04109 

.02154 

.02706 

.04166 

24 

22 

.02624 

.04492 

.02346 

.02952 

.04545 

22 

20 

.02886 

.04951 

.02575 

.03247 

.05000 

20 

18 

.03207 

.05512 

.02856 

.03608 

.05555 

18 

16 

.03608 

.06214 

.03207 

.04059 

.06250 

16 

14 

.04123 

.07116 

.03738 

.04639 

.07142 

14 

13 

.04441 

.07672 

.03936 

.04996 

,07692 

13 

12 

.04811 

.08319 

.04259 

.05412 

.08333 

12 

11 

.05248 

.09085 

.04642 

.05904 

.09090 

11 

10 

.05773 

.10003 

.05101 

.06495 

.10000 

10 

9 

.06415 

.11126 

.05663 

.07216 

.11111 

9 

8 

.07216 

.12529 

.06364 

.08118 

.12500 

8 

7 

.08247 

.14333 

.07266 

.09278 

.14285 

7 

6 

.09622 

. 16739 

08469 

.10825 

.16666 

6 

■ 

6i 

.10497 

. 18270 

.09235 

.11809 

. 18181 

h\ 

5 

.11547 

.20107 

.10153 

.12990 

.20000 

5 

4} 

.12830 

.22352 

.11276 

.14433 

.22222 

41 

4 

.14433 

.25159 

.12679 

.16237 

.25000 

4 

3i 

. 16495 

.28652 

.14426 

.18557 

.28571 

3i 

3 

. 19233 

.33578 

.16889 

.21650 

.33333 

3 

Attention,  —  Wires  of  any  size  may  be  used  that  will  rest  on  the  sides 
of  the  thread  and  project  above  the  top. 

69.  Principle  of  measuring  fliread  angle.  —  By  trigonom- 

1  Tl/f  —  ¥n 

etry  the  cosecant  of  ^  thread  angle  =  ^r— 1,  Fig.  31; 

M  =  measurement  over  large  wires,  m  =  measurement  over 
small  wires,  W  =  diameter  of  large  wires  and  to  =  diameter 
of  small  wires. 

• 

To  measure,  the  first  reading  is  taken  over  the  larger  wire 
with  micrometer,  as  in  Fig.  31.    The  second  reading  is  taken 
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over  the  smaller  wire  which  ia  placed  in  the  same  groove  a 
larger  ones,  as  shown  by  dotted  lines,  Fig.  31. 


m 

.1 


Fia.  31.  —  Tbrbb-Wire  Method  or  Mbasttkino  Thrhas  Angle 
OF  U.  S.  S.  Thrkas. 


60.  Detennination  of  &read  angle  of  a  TJ.  S.  S.  outside 
thread  from  measurements  over  the  wires.  — 

Example.  — To  find  thread  angle  of  J"  X  10  U.  S.  S.  thread  gage. 

Fonmda.  —  Cosecant  of  -  angle  =  = 1.    See  Fig.  31. 


By  meatvrement, 

M. 

0.89854;  by  table, 

w  . 

0.10OO3 

m  = 

0.75148; 

K  " 

0.06101 

Difermce, 

M- 

m- 

0.14706; 

W- 

-to  = 

0.04902 

Salulim.- 

M- 

W  - 

m 

0.14706 
0.04902 

1  = 

3.000 

-  1  =  2.0000. 

From  table  of  trigonometrical  functions  the  angle,  the 
cosecant  of  which  is  2.0000,  is  30°.  Therefore,  the  thread 
angle  is  60°. 

Information.  —  The  thread  angle  in  common  practice,  does  not  vary 
more  than  one-half  a  d^ree  ()°)  above  or  below  normal.     The  usual 

thread  angles  and  the  values  of  = are  given  in  Table,  p.  1136. 
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^1.  Table  of  common  variations  of  fliread  angle  <tf  a  H.  S.  S. 
thread,  with  corresponding  quotients.  — 


Degress. 

Minutes. 

Quotients. 

59 

30 

3.0152 

59 

40 

3.0101 

59 

50 

3.0050 

60 

3.0000 

60 

10 

2.9950 

60 

20 

2.9900 

60 

30 

2.9850 

62.  Three-wire  system  applied  to  other  flireads.  — The 

method  of  measuring  other  types  of  threads  is  the  same  as  for 
U.  S.  S.  threads.  The  formulas  and  their  values,  however, 
are  changed  for  the  difference  in  the  shapes  and  angles  of  the 
threads. 

63.  Determination  of  the  pitch  diameter  of  a  Whitworth 
outside  thread  from  measurement  over  wires.  — 

Example.  —  To  find  correct  measurement  over  wires  and  pitch 
diameter  of  a  1  J"  X  5  Whitworth  tap. 


Formula.  — 

M  =  D  -  KP  +  3.1657  d 

where 

D  =  1.2500" 

K  =  1.6008 

P  =  i  =  0.2000" 

d  =  0.11273.    See  Table,  p.  1437. 

Solution.  — 

M  =  1.2500  -  1.6008  X  0.2000  +  3.1657  X  .11273 

=  1.28668". 

If  the  pitch  diameter  is  correct  the  measurement  over  wires 
should  be  1.28668".  Any  variation  in  this  measurement  will 
be  the  same  as  the  variation  in  the  pitch  diameter. 

64.  Table  of  Seaboldt  wires  for  measuring  Whitworth 
threads.  — 
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Thrsadb 

Pitch 

Large 

Small 

Single 

Pitch. 

Threads 

PKR  IlVCU. 

WiRB. 

Wise. 

WlBE. 

Depth. 

PER  Inch. 

40 

.01409 

.02031 

.01314 

.01600 

.02500 

40 

38 

.01483 

.02144 

.01380 

.01685 

.02631 

38 

36 

.01565 

.02268 

.01454 

.01777 

.02777 

36 

34 

.01657 

.02408 

.01537 

.01883 

.02941 

34 

32 

.01761 

.02564 

.01630 

.02001 

.03125 

32 

30 

.01878 

.02742 

.01735 

.02134 

.03333 

30 

28 

.02013 

.02943 

.01855 

.02286 

.03571 

28 

26 

.02168 

.03179 

.01994 

.02462 

.03846 

26 

24 

.02348 

.03453 

.02156 

.02668 

.04166 

24 

22 

.02562 

.03756 

.02348 

.02900 

.04545 

22 

20 

.02818 

.04163 

.02578 

.03201 

.05000 

20 

18 

.03131 

.04637 

.02859 

.03557 

.05555 

18 

16 

.03523 

.05229 

.03210 

.04002 

.06250 

16 

14 

.04026 

.05991 

.03661 

.04573 

.07142 

14 

12 

.04697 

.07006 

.04263 

.05336 

.08333 

12 

^1 

.05124 

.07652 

.04647 

.05821 

.09090 

11 

J 

.05636 

.08426 

.05106 

.06403 

.10000 

10 

9 

.06263 

.09375 

.05668 

.07114 

.11111 

9 

8 

.07046 

. 10559 

.06370 

.08004 

,12500 

8 

7 

.08052 

.12082 

.07273 

.09147 

.14285 

7 

6 

.09394 

.14113 

.08477 

. 10671 

.16666 

6 

6i 

.10248 

.15405 

.09244 

.11642 

. 18181 

51 

5 

.11273 

. 16955 

. 10163 

.12806 

.20000 

5 

4J 

. 12526 

.18850 

.11287 

. 14229 

.22222 

41 

4 

.14092 

.21219 

. 12691 

.16008 

.25000 

4 

31 

. 16105 

.24265 

. 14497 

. 18295 

.28571 

31 

3i 

.17344 

.26139 

.15609 

. 19702 

.30769 

3i 

3 

. 18789 

.28326 

.16905 

.21344 

.33333 

3 

2f 

.19606 

.29562 

.17638 

.22272 

.34782 

2 

2} 

.20497 

.30910 

.18438 

.23284 

.36363 

2 

21 

.21473 

.32387 

.19313 

.24393 

.38095 

2 

66.  Determination  of  thread  angle  of  a  Whitworth  outside 
thread  from  measurements  over  the  wires.  — 

Example,  —  To  find  thread  angle  of  1  J"  X  5  Whitworth  tap. 

1  M  "^  Tfl 

Formula.  —  Cosecant  of  -  angle  =  r= 1.    See  Mg.  32. 

2  W  ^  w 

By  measurement,      M  =  1.46658;    by  table  W  =  0.16955 

m  =  1.25157;  w  =  0.10163 

Difference,        M  -m  =  0.21501;  TT  -  w;  =  0.06792. 

^i^ion.-^^!^-- 1  =?:?i^-  1  =3,1656-  1  =  2.1656. 


W  -w 


0.06792 
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From  table  of  trigonometrical,  functions  the  angle,  the 
cosecant  of  which  is  2.1656,  is  2V  30'.  Therefore  the  thread 
angle  is  55**. 


._.-C3 


± i.« 


Fig.  32.  —  Thbeb-Wibe  Method  of  Measxtbing  Trbsad  Angle 

OF  Whitwosth  Thread. 

InJormcAion.  —  Common  variations  of  thread  angle  and  corresponduog 
quotieDts  are  shown  in  Table,  Art.  66. 

AUention,  —  Both  measurements  should  be  taken  with  the  wires 
placed  in  the  same  thread  grooves,  as  shown  in  Fig.  32. 

66.  Table  of  common  variations  of  thread  angle  of  a  Whit- 
worth  flireadi  with  corresponding  quotients.  — 


Deorbss. 

Minutes. 

QUOTIBIITB. 

54 

30 

3.1S40 

54 

40 

3.1778 

54 

50 

3.1717 

55 

3.1657 

55 

10 

3.1596 

55 

ao 

3.1536 

55 

30 

3.1477 

67.  One-  and  two-wire  systems  are  sometimes  used  to 
measure  the  pitch  diameter  of  threads,  but  not  so  commonly 
used  as  the  three-wire  system. 

68.  Drunken  threads  are  not  detected  by  any  of  these  wire 
systems.  They  may  be  found  by  means  of  a  thread  microm- 
eter, p.  1214,  or  by  a  lead  testing  machine,  p.  142& 
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HEAVY  DUTY  BORING  AND  TURNING 
69.  Heavy  duty  borings  facing  and  turning.  —  Heavy  cast- 
ings and  forgings  may  be  bored,  faced,''  and  turned  in  engine 
lathes.  See  Boring,  Boring  Bars,  and  Boring  Machines,  p.  6l0. 
Boring  and  facing  when  no  turning  is  required,  may  be  more 
rapidly  performed  in  a  horizontal  boring  machine.  When  the 
length  of  the  work  is  small  as  compared  with  the  diameter,  and 
more  especially  if  the  work  is  unusually  heavy,  it  may  be 
machined  in  a  vertical  boring  and  turning  mill. 


70.  Horizontal  boring  machines  are  arranged  to  bore,  ream, 
counterbore,  and  mill  any  work  that  can  be  held  conveniently 
on  a  horizontal  table.  They  arc  made  in  two  types,  —  one 
with  a  ahding  head  and  tailblock,  as  in  Fig.  33,  the  other,  with 
a  fixed  spindle  head  and  tailblock,  but  having  a  table  that  may 
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be  raised  and  lowered.    See  Horizontal  Boring  Machines, 
p.  6i6. 

71.  Horizontal  borinc  machine  with  sliding  spindle  head, 
described.    Fig.  33. 


SCHEDULE 

OF  PARTS 

A  — Bed. 

S  —  Interlocking  feed  selecting 

B  -  Spindle  head. 

levers. 

C-TaUblock. 

r— Friction  clutch. 

D  —  Column. 

E  -  Back  rest. 

P  — Saddle. 

K  — Saddlp  hand  adjustment, 

G  — Table  or  platen.    Circular 

with  micrometer  dial. 

table  may  be  added. 

IT  — Table  hand  adjustment, 

H-Work. 

with  micrometer  dial. 

J  —  Spindle-head  clamp. 

JC  —  Back-rest  clamp. 

justment. 

£-TaiIblock  clamp. 

r  — Feed   and    quick   return 

M  —  Saddle  clamp. 

lever. 

Af  — Slow   spindle    movement 

Z  — Speed  change  levere. 

hand  wheel. 

1  —  Feed  change  levers. 

0  — Quick  spindle  movement 

2 -Adjustable     feed     safety 

hand  wheel. 

friction. 

P,  P'  —  Interlocking  back  gear 

3  —  Boring  bar. 

levers. 

4,  4'  —  Boring  bar  cutters. 

Q  —  Starting  and  stopping  lever. 

5  —  Borii^  bar  cutter  and  key. 

fi  — Reversing  lever  for  feed 

and  quick  return. 

FiQ.  34.  —  BoRiNQ  A^JD  Milling  in  Horiiontal  Boedjo  Machinb. 

72.  Boring  and  face  milling  at  one  setting  of  work  may  be 
performed  in  a  horizontal  boring  machine,  as  in  Fig.  34.    The 
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construction  of  the  spindle  permits  the  use  of  a  milling  cutter 
with  the  boring  bar. 

73.  Heavy  duty  vertical  boring  and  turning  mills.  —  These 
machines  are  especially  adapted  for  heavy  work  such  as  large 
fly  wheels,  pulleys,  engine  cylinders,  etc.  The  work  may  be 
held  on  the  table  by  chuck  jaws,  or  by  bolts,  clamps,  and  block- 
ing.    The  weight  of  the  work  assists  in  holding  it  in  place. 

The  two  tool  posts  permit  two  cutting  opemtions  at  once 
thus  effecting  a  saving  of  time.    These  machines  are  obtain- 


Fio.  35.  —  Heavy  Duty  Bobino  anh  Turning  Mill. 

able  in  sizes  of  from  4  feet  to  8  feet  swing,  and  from  3  feet  to  4 
feet  under  the  rail.  On  the  heavier  sizes  the  tool  spindles  and 
cross  rail  are  usually  moved  by  individual  motors  to  assist  in 
the  setting  of  the  tools.  The  motor-driven  mill,  Fig.  35,  is 
turning  and  facing  a  lai^e  casting. 
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74.  Heavy  duty  vertical  boring  and  turning  mill  described, 
Pig.  35. 

SCHEDULE  OF  PARTS 


A— Bed. 

B  —  Revolving  table. 

C,  C  —  Uprights  or  housings. 

D  —  Top  rail. 

E  —  Cross  raU.  May  be  raised 
orlowered  and  clamped  in  position. 

FfF'  —  Heads  with  hand  and 
power  feed. 

G,  G'  —  Swivel  tool  spindles 
with  hand  and  power  feed, 
counterbalanced. 

H,  H'  —  Side-screw  bevel  gear 
for  raising  and  lowering  cross  rail. 


/,  /'  —  Head  feed  screws,  — 
one  threaded  right-handed  and 
the  other  threaded  left-handed  for 
moving  heads  independently  in 
the  same  or  opposite  directions. 

Ky  K'  —  Tool-post  feed  shafts. 

L  —  Motor.  When  belt-driven, 
a  six-step  cone  pulley. 

M  —  Driving  gears. 

N  —  Table  bearing. 

0  —  Table-drive  gears. 

P  —  Tool  spindle  balance 
weight. 


VERTICAL  TURRET  LATHES 

76.  Vertical  turret  lathes  are  often  used  for  boring,  reaming, 
turning,  facing,  and  also  for  tapping  and  chasing  threads  on 
such  work  as  cone  pulle3n3,  gear  blanks,  car  and  truck  wheels 
and  similar  face-plate  work.  The  turret  heads  carry  a  large 
number  of  tools  which  permit  several  operations  at  one  setting 
of  the  work. 

76.  Operation  of  a  vertical  turret  lathe.  —  Fig.  36  shows  a 
vertical  turret  lathe  turning  and  facing  gear  blank  A.  Work 
is  held  by  chuck  jaws  on  table  B  which  revolves  on  bed  C. 
Main  turret  D  has  five  tool  holders,  E\  F,  G,  H,  J,  and  is 
revolved  by  handle  K,  An  indexing  pin  which  is  operated 
by  handle  L  brings  the  tools  into  accurate  alinement.  Aux- 
iliary turret  M  has  four  tool  positions  and  is  used  for  facing 
and  turning.  Both  turrets  can  be  adjusted  vertically  and 
horizontally,  and  have  hand  and  power  feeds.  Two  cutting 
tools  can  be  arranged  in  a  single  tool  holder  in  both  turrets  so 
that  four  cutting  operations  may  be  performed  at  once.  Fig. 
36  shows  three  tools  cutting  at  once,  —  two  by  the  main  turret 
cutting  tools  and  one  by  an  auxiliary  head.     Another  feature 
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is  that  during  a  long  boring  or  turning  operation,  two  or  three 
other  shorter  operations  may  be  performed  by  the  other  turret. 
A  single  tool  may  also  be  used  for  several  operations. 


FiQ.  36.  —  Machininq  Work  Heu>  in  a  Vebtical  Tvbrbt  La'^os. 

77.  To  machine  a  steel  motor-truck  wheel.  —  To  facilitate 
the  setting  of  the  machine  and  operations,  a  graphic  schedule, 
as  shown  in  Figs.  37,  38,  and  described  in  Schedule  of  Opera^ 
tions,  p.  1446,  may  be  used. 
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TlO.  37,  —  GOAFBIC  SCHEDULK  Or  OPERATIONS  K)B  FisaT  S^mNa 
or  A  9teel  Truck  Wheel. 


GRAPHIC  SCHEDULE  OF  OPERATIONS 
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SCHEDULE  OF  OPERATIONS 


Opera- 

FiBST Sbttino. 

SscoND  Sbttimq. 

tion. 

Fio.  37. 

Fio.  38. 

Ist 

Chuck  and  true  up  casting. 

Rough   face  rim   and  hub    and 
with  one  cut,  finiah  face  bolt 
bosses. 

2d 

Rough  turn  rim,  and  rough  face 
bolt,  boase  ,  and  rim. 

Chamfer  rim. 

3d 

Finiah  face  hub,  rim,  and  bolt 

Finish  face  rim  and  hub,  and 

boaaea.     Start  rim  finish-turn- 

start boring  hub. 

ing  cut. 

4th 

Chamfer  rim  while  continuing  the 
rim  finish-turning  cut. 

Finiah  bore  hub. 

6th 

Rough  bore  and  square  inside  of 
hub  bearing  case  while  termi- 
nating finishing  cut  on  rim. 

Counterbore  and  recess  for  thread. 

dih 

Fmish  bore  hub  bearing  case. 

Tap. 

Information.  —  By  making  a  schedule  of  operations  and  settings, 
idle  tools  are  eliminated  and  operations  will  not  overlap. 

Attention,  —  Attachments  are  obtainable  for  use  of  cutting  and  cool- 
ing  compounds.  The  tank,  guards,  pumps  and  piping  are  independent 
of  the  machine  and  can  be  detached  at  wilL 
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SPECIAL  INDEX 


ARRANGED  TO  ENABLE  STUDENTS  TO  FIND  THE 
PROBLEMS  AND  PROCESSES  QUICKLY 

Problems  In  Blaek-face  Type— Processes  in  light-face  Type 

SECTION  1  Paoi 

1  To  true  encine-Iathe  centers 114, 115 

2  To  set  dead  center  in  alinement  to  turn  straight 116, 117 

3  Hand  method  of  centering 121, 122 

4  Machine  method  of  centering 123, 124 

SECTION  2 

6  To  center,  Mmaie  and  turn  ■tnlght t03-905 

6  To  inni,  llle  and  lit  Mono  taper.  No.  8 S38^S30 

7  To  turn  taper  with  taper  attachment S30,  t31 

8  To  turn  and  llle  1"  ■trataht  mnnlng  Hi 931, 932 

9  To  make  a  1"  mnnlng  fll.by  allowance 932. 983 

SECTION  3 

10  To  make  plain  machine  handle SlO,  911 

11  To  prepare  two  shaft  blanks 914, 815 

12  To  iom  and  llle  V  drive  flt 916^917 

13  To  make  1"  drive  lit  by  allowance 817 

14  To  torn  and  llle  lA"  mnnlng  lit  by  allowanee 917 

16  To  set  U.  8.  Standard  or  V  threading  tool  at  height  of  center  and  at  right 

angles  to  work 924 

16  To  prmare  screw  and  not  blanks  and  to  practlee  screw  catting 928,929 

17  To  set  up  lathe  for  threading  or  screw  cutting 930 

18  To  operate  lathe  to  cut  the  thread 981 

19  To  cut  long  screw  using  thread  indicator 936 

20  Chamfering  bolt  heads,  nuts,  and  screws 941 

21  To  make  a  damp  nut 941 

22  To  make  a  llnlshed  bolt  i"  diameter 942. 943 

23  To  make  a  pair  of  spring  bolts,  duplicate  process 944,945 

24  To  make  tensile  test  specimen 946, 947 

25  To  make  a  stud 948, 949 

26  To  index  in  engine  lathe 952 

27  To  make  14"  engine  lathe  Ure  center 952, 968 

SECTION  4 

28  Chucking  with  twist  drill  in  engine  lathe 408-411 

29  Chucking  with  a  flat  drill  and  chucking  reamer  in  an  engine  lathe 412 

30  Hand  reaming  woik  held  in  vise 414 

3 1  To  ream  a  hole  by  hand  in  a  vertical  drilling  machine 416 

32  To  ream  work  by  hand  in  the  lathe  with  a  band  reamer 416,417 

33  To  ream  in  lathe  by  power  with  fluted  chucking  reamer 417, 418 

34  To  make  a  cast-iron  flange 426-428 

35  Tb  make  a  pulley  9"  Indlameter 430. 431 

36  To  make  a  formed  machine  hMidle 438-440 

SECTION  5 

37  To  set  and  use  boring  tool  in  lathe 605 

38  To  cut  an  inside  thread  in  lathe 607, 608 

39  To  out  right  inside  thread  to  shoulder 610 

40  To  find  inclination  of  thread  and  tool 613, 614 

41  To  cut  a  Square  thread  screw 616-418 

42  To  make  a  Square  thread  nut 619-621 

43  To  fit  screw  to  nut 621 

44  To  file  or  grind  Acme  Standard  or  29*  threading  tool 624 

45  To  cut  Acme  Standard  or  2B'*  thread  screw 627-429 

46  To  make  an  Acme  Standard  or  29"  thread  nut 629-431 
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HOW  TO  FIND  A  SUBJECT 

Each  Section  is  a  unit  —  a  book  in  itself.  In  the  General  Index,  Section 
numbers  are  joined  with  Page  numbers,  thus:  224.  To  find  a  subject,  for 
example, "  Limit  gages  ":  turn  to  Index  and  find  ■'  Limit  gages  ....  834 '' 
which  means  that  limit  gages  are  in  Section  2,  page  24.  Then  find  224 
(read  two  twenty-four)  at  top  of  page. 


A  Paqi 

Accurate  location  of  holes  in  Jigs  and 

machine  parts 1348-1363 

Acme  stancurd  or  Twenty-nine  desree 

thread S21-431 

Addendum  of  gear  teeth 1107. 1112 

Adjustable  bonng  tool 1956, 1367 

limit  snap  gages 325 

thread  gage 225, 328 

planer  tools 306, 025 

reamers 415, 416 

tops S09 

tonsue  fixture §16 

Alinement  ana  jMirallel   boring,  and 
reammg  in  horisontal  bor- 
ing machine €16 

drilling  and  topping. .  .ftSS,  S39 
reaming  with  shell  reamer, 

hand €18 

reaming  with  jig,  power  •  1 8,  •  1 9 
Alining  crankshaft  center  fixtures.  .€33,  €34 
planer  work  with  surface  gage. 021 
without     surface 

gage 021 

Allowances  for  driving  fits 316 

forcing  fits 317 

grinding 713 

reamed,    ground    and 

bored  holes 321.322 

reaming 413 

running  fits 314, 316 

shrinking  fits 321 

sliding  fits 316 

Aloxite 432,  704 

Aluminum,  feed  for  planing 004 

machining 419, 1009, 1010 

Alundum  grinding  wheels 704,  705 

Ampere €26 

Angle  iron  or  angle  plate,  boring  with. .  .408 
plate  or  angle  iron,  milling  with .  1042 

planing  with 

015,027 
Angles  of  lathe  tools, 

126, 126, 128-130, 132 

planer  tools 006 

milling  cutters 811, 1005 

Angles  for  given  toper  per  foot,  find- 
ing  1188 

Angular  milling  cutters 1005. 1006 

planing 009-011 

Angular  cutter,  milling  teeth  of.  .1037, 1038 

Angular  work,  grinding 804 

Apron  swivel 010, 011. 016,  028.  029 

Apron,  lathe 107-109 

Arbor  block  or  mandrel  press. 320, 422, 423 
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Arbor,  chuck 401 

Arbor,  milling  machine 1004 

Arbors  or  mandrels 420-426 

Attachment,  automatic  topping. .  .007. 008 

toper 330.331 

Attoohmento  for  lathes, 

110,116,330,331.626-029 

Attachments,  relieving 1371, 1372 

Automatic  gear-cutting  machines, 

1120-1127 

Automatic  siaing  grinder 724, 726 

Automobile  bolts,  nuts,  and  screws .  S64-S56 
Automobile  engine   cylinder,   crind- 

ing 731,732 

Automobile  gesr*  grinding  hole  in. 727, 728 
Automotive  Engineers,  Society  of  .354,  355 

B 

Babbitt,  machining 419 

Back  gears,  lathe 106, 107 

Back  lash 332 

rests  for  grinding  machines. . .  723-726 

rests  for  lathes €28.  €29 

Back  plate  with  top,  to  finish 607-ftlO 

Backing  off.     See  Relieving. 

Bearings,  care  and  use  of 151 

Belts,  pushing  on  and  pulling  off.  151,  152 

Bevel  gear  cutters 1158, 1160 

gear  generators 117^1177 

gears 1153-1177 

Bevel  gear  and  pinion,  cutting.  . .  1164-1167 

Bevel  gear  teeth,  filing 1163, 1164 

Bevel  gear  with  automatic  gear  cutting 

machines,  cutting 1168-1170 

Bevel  gears,  cutting  angle  for . . .  1162 

generating 1172-1177 

planing 1171-1175 

spiral 1176,1177 

protractor 1185-1187 

protractor,  vernier 1187 

Beveling'end  of  castings  for  planing 017 

Binding  post,  making A34-437 

Bito.    See  Holders  and  cutters. 

Block,  }ig 416 

Blocking,  step 013. 021, 022 

Blocks,  magnetised  master 802-804 

Blue-print  holder 102 

Bolt  and  out  making 339-346 

Bolts  and  nuts,  toble  of  United  Stotes 

.    stondard 360 

Bolts,  drilling  for €01-610 

planer 014 

stud 007.  €08 
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holder tO  2 

Bore  to  eeitinc  of  inmle  oalipen,  ad- 

iiMting  toot  to i02 

Borinc  bare eiO-«i8 

Boring  in  the  engine  Uthe  with  boring 

tool...W4-i06 
with  boring 
bM....«n-613 

tool  holders  and  cutters 106.  i07 

tools 
127.  i04-J07.  U52-1964. 1356. 1957, 1961 
with  angle  iron  or  angle  plate. .  .408 
with  adjustable  boring  tool, 

1956, 1957 

■fecial  boring  tool.  .1952-1964 

Boring,  squaring  to  ahouiders  in. .  i05,  M6 

vertical €17 

Boring  machines,  drilling,  reaming  and 

oounterboring  in  hori- 

sontal «1S 

portable tia 

Boring  and  reaming,  alinement  and 

parallel fl« 

Boring  tool,  grinding 141 

Bosses,  Tp*tf'»*g  inside 1946 

Box  Jigs  for  drilling,  reaming  and  tap- 
ping  «04-909 

Box  for  lathe  tools 102, 109 

Brass  polishing 484, 486 

Brass  turning  m  engine  lathe 688-137 

Brass,  cutting  apeed  for t04 

reamers  tor 413,  §34 

squaring ft33, 634 

tapping 634 

toolJB  for  turning 633 

Bridges  in  hollow  castings 421 

British  Association  standard  threads ...  Si  8 

Broach  reamers 418, 4l9 

Broached  holes,  chart  of 644 

Broaches 643-648 

Broaching  holes 643-M8 

Broaching,  lubricants  for 646 

machine 643-648 

Broaching  or  drifting,  hand 646,  §47 

Bronse,  leaner  cutting  speed  for 904 

grinding  phosphor 718 

machinui'' 419,189. 640 

Brown  A  Sharps  tapers.  ..933, 935, 937-939' 

Buffing 440 

Bunters  for  planers,  screw 914 

Burnt  or  hot  centers 902 

Burr  when  squaring,  to  remove.. .  .131, 132 

Bushing,  grindingjig 829. 880 

Bushings,  making 403. 404, 939, 940 

Button  method  of  accurately  locating 

holes 1948. 1957-1963 

Buttons  for  precision  drilling,   tool- 

makera' 1957-1963 

on  Jig.  locating 1959 

C 

Caliper  gage,  grinding 828,  829 

Caliper  gages 923 

squares 912,918 

Calipers,  adjusting  tool  to  bore  to  set- 
ting ofinaide 602 

adjusting  tool  to  turn  to  set- 
ting of  outside 144 

Calipers,  divider 121 

inside  spring 601, 602 

micrometer 602-604 

micrometer 907-910,913 

spring 143-145 


Calipers,  ten-thousandth  mieitMneter. 
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..913 


thread 920 

micrometer 1914, 1915 

vernier 911-913, 1118. 1166 

Calipers  to  another,  to  transfer  setting 

from  one  pair  of 145 

CarboUte 704 

Carborundum  grinding  wheels.. . .  .704.  705 

Carriage,  lathe 103-105 

Castings,  pidding  and  tumbling 1910 

Castings  with  Jigs,  drilling 901-410 

Cast  iron,  diamond-point  tool  for  finish 

turning 134, 135 

diamond-point  tool  for  rough 

turning 124 

feed  for  leaning 904 

finish  facing 425 

planing 907 

squaring 131, 132, 912 

larae^  square-noso   tool   for 

finii|l|  turning 135 

lathe  tools  for 12S-135 

planer  cutting  speed  for 804 

rough  facing 424 

planing 908.907 

squaring 129 

round-nose   tool    for    finish 

turning 134. 135 

small   square-nose   tool  for 
fjniiil^  turning. 135 

Cast-iron  roll,  grinding 722 

Cat  head €28 

Catching  the  thread  in  screw  cutting.  .836 

Celluloid  grinding  wheels 704. 70€ 

Center-cut  end  mill 1930. 193 1, 194 1 

Center  distance  of  gears 1106 

Center  driU 122 

gape 113 

grinding  machine 115 

height  gsge  for  cutter  grind- 
ing  810.811 

hole  scnuier 831 

holes  in  Uthe  wortc 117-124 

mandreds 423 

punch 121,122 

reamers 120.  U2 

Center,  alinement  of  dead 116, 117 

dead 113-115 

live 11»-114 

Center  drill,  to  remove  broken 122 

fixtures,  crankshaft 932, 831 

Center-bole  dimensions,  table  of 119 

Center  holes,  lapping 1928. 1239 

Center  for  pipe  turning,  revolving  dead. 431 
Center  for  squaring,  grooved  deaa . .  13 1,  Hi 

Center  truing  tool,  lathe 114 

Centering  machine 123, 124 

tool  for  chucking 409 

Centering,  squaring,  and  straight  turn- 
ing.77..    ....T .T?:. .  .908-905 

Centering  work,  hand  method  of .  .121, 122 
machine  method  of  123, 124 

Centers,  burnt  or  hot .203 

grinding, 

115, 710-712, 809, 831,832 

engine  lathe 115 

lathe 11^117 

making  engine  lathe 852. 853 

mountmg  work  on  lathe, 

118,119,901-IOS 

testing  angle  of 113 

engine  lathe  live.  .113-113 
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Centers*  traing  en^pne  lathe ..... .114,  lift 

srmding  maehine, 

710.711,809 
Centers  in  alinement^  settinc  grinding 

maehine 712 

Chnmfering    bolt    heads,    nuts    and 

screws S41 

Chance  gear  mechanism  for  screw  out- 

tinn  and  feeds,  rapid 110,  111 

Clunrt  of  gear  teeth 1115 

milling  cutters 1900 

Chattering  of  tools SOS,  1905 

Chordal  thickness. U12-U14 

Chuck  Jaws 401, 402 

Chucking 408-412 

an  eooentric 404 

a  pulley 412 

in  speed  lathe  wiih  a  twist 

drill 940.  *41 

with  drill  holder 409, 410 

Chucking,  centering  tool  for 409 

Cbuoking  drills,  flat 411,412 

reamers,  flat 411, 412 

Chucking  with  a  flat  drill  and  chucking 

reamer  in  an  engine  lathe 412 

Chucks 401-406 

Chucks,  care  of 406, 406 

classes  of 402 

oombination 404 

draw-in 405 

diiU 122,402 

.  face-plate 405 

f  independent 402, 403 

magnetio «23-«25 

mounti^  and  removing 406 

special 404 

sprinjB 406 

tapping  back  i^tes  of. . .  .508-^510 

umversal 403, 404 

Chucks  to  machine  spindles,  attach- 
ing  401.507-«10 

Circular  milling 1940-1945 

pitch  for  gearing 1105 

Clamp  dog S89 

Clamp  nut,  making  a S41 

Clamps 406-408, 913-915, 923 

Clamps,  holding  planer  work  with  fin- 
ger  922 

poGshing 434 

Cleaning  planers 920 

Clearance  of  teeth 1107 

lathe  tools 125, 126 

milling  cutters 811-815 

reamers,  4 1 3, 8 1 1-8 1 3, 820-822 
Clearance  on  twist  drill,  milling  land . .  1)845 

Collet,  to  grind  taper 726 

C<^let8,  nulling  machine 1904 

ComUnation  chucks 404 

grinding  wheels 706 

Comparator.    8e€  Measuring  machine* 
Compositi<Mi,  turning §33 

Composition,  planer  cutting  speed  for.  .904 
Compound  gearing  for  threads,  calcu- 
lating  933-935 

Compound  rest 1189.  UOO 

Compound  rest,  fine  tool  adjbstments 

with 1190 

Conoave  cutter 1906 

Connecting  rod,  ioutting  slot  in 936, 937 

Convex  cutter 1905,1906 

grinding 826,827 
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Copper,  machining 419 

Copper,  milling 1910 

polishmg 484, 435 

turning 419 

Corundum  grinding  wheels 704 

Cotter  miU 1907,1930,1931 

Coulomb 926 

Counterbore,  relieving 1375 

Counterboring 910, 915 

Countershaft,  engine  lathe 104-106 

Countersinks 120, 122, 123 

Countersunk  holes 117-124 

Counterweights  for  lathe  work, 

407,408,984 

Countmg  threads 930.  S21,  S31 

Crank  shaper 930,  936 

Crank,  laying  out  holes  in  engine 407 

Crankshaft  turning 933-935 

center  fixtures,  laying  out 

two-throw  90* 932-935 

Croons  doth,  uses  of 434, 537 

Croos  feed  of  lathe 107-109 

Crowning  or  tapering  pulleys 428-431 

Crystolon 704 

Cup  grinding  wheels .  707  806, 813, 815. 816 

Curve  turning 435-437 

Cut  meter 146 

Cut,  finishing  and  roughing 126 

Cutter  clearances,  milling, 

811-815,1906.1324,1925 

Cutter  grinding  machine .808 

Cutter,  face  or  plain  milling. . .  .1903, 1905 

fly 1907, 1102.  U50 

formed  milling. . .  .1906, UOl,  1105 

grinding  angular 818,819 

convex 826,827 

flat 825,826 

formed 824 

gear 828,824 

hole  in  milling.. 728, 729 
inserted    tooth    mill- 
ing  815.816 

plain  milling 814, 815 

radial   teeth   of  side 

milling 816,817 

spiral  muling 819 

Cutter  by  measurement,  setting 1910 

trial,  setting 1910 

Cutter  central,  setting  gear: 

(Accurate  Method) 1120 

(Approximate  Method)  1119 

Cutter  for  relieving,  coloring 1X72 

Cutters  for  spiral  mills 1240 

two-groove  twist  drills 1240 

Cutters,  angular  milling 1906, 1906 

coarse  tooth  milling 1947 

epieycloidal  gear 1103 

feed  for  milling 1909 

form  milling 1907 

formed  milling, 

1905-1907,  UOl,  1103 

gear  stocking 1101 

grinding  milling 80&-827 

heUcal  tooth  nulling.. .  .1947, 1948 

involute  gear 1101, 1103 

miUing 1905-1908 

rake  tooth  milling 1943, 1947 

selection  and  mounting  of. .  .1908 
spiral  milling, 

1906. 191 1. 1947, 1948 

Cutting  angle  for  bevel  gears 1162 

bevel  gear  and  pinion. .  .1164-1167 
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Cuttiacbevd   geus  with   aaiomfttic 

teaiHsuttinc  maohinfis  1168-1170 
intenukl  gewn  with  automatic 

sear-cuttins  maohines  1127, 1128 
keyways  with  ke^-eeater  . .  §36,  §37 

off  stock  (matenal) S13, 814 

off  work  keld  in  milling  mar- 
chine  viae 833 

racks 1130 

■orewB 818-838 

■peed  for  carbon  steel  milling 

cutters 1806 

hi^-«peed  sted  miU- 

mg  cutters 1808 

speeds  for  oaroon  steel  lathe 

tools 147 

speeds    for    bigh-^)eed    steel 

lathe  tools 147 

Sfweds  for  lathe  tools 145-148 

spiral  gear  and  pinion  .  .1136-1139 
spur  gear  and  pinion  . . .  1116-1120 

teeth  in  spiral  miU 1841. 1842 

Cutting  feeds,  lathe 148 

movements    of    milling    ma^ 

chines 1807 

Cutting  Q)eeds,  measuring  lathe..  .146-148, 

1808 
Cutting  speed  for  oast  iron,  compori- 
tion,  brass,  bronse,  steel,  wrought 

iron,  planer 804 

Cutting-off  tool  holders  and  cutters, 

808.  809, 814 

Cutting-off  tool,  breaking  a 814 

grinding 188.139 

tools,  lathe. .  .808.  809, 813. 814 
Cutting  tools,  lathe, 

126-135. 801-814, 805-807. 833 

lubricants  for 148-150 

theory  of 125,126 

rake,  clearance  and  cut- 
ting angles  of  lathe, 

125, 126 
Cylinder    heads,    drilling    and    tap- 
ping  803. 807. 808 

Cylindera,  boring  and  facing 810-815 

Cylindrical  grinding 701-726 

D 

Dead  center,  alinement  of 116, 117 

lathe 103,113-115 

Decimal   equivalents,   table  of  com- 
mon fractions  and 810 

Demagnetising  steel  or  cast  iron 825 

Dial  test  indicator 1811, 1812 

Diameter  to  turn  blank  to  mill  or  file 

square  or  hexagonal 1825, 1826 

Diametral  pitch 1104, 1105 

Diamond  tool  for  truing  emery  wheels, 

710 
Diamond«point  tools  for  oast  iron.  .188-135 

steel  or   wrought 

iron 802,804, 

Diamond-point  tools,  grinding  138. 139, 141 

half 127.806 

left 127  806 

Dies,  relieving 1880. 1881 

threading 842.  843 

Differential  indexing 1823-1825 

Dimension-Limit  system 813,  814 

Disk  grinding  wheels 707.  812.  813 

Divider  calipers 121 

Dog,  clamp S39 
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Dog.  spring 822 

square 839 

Dogs  for  grinding  machine 711 

work  of  one  diameter, 
end-driving. .  .711. 712 
taper  woric,   special    milling 

machine 1839. 1840 

Dogs  or  drivers,  lathe 118 

Double-square  threads,  aehedula  for 

making 833 

tool  holders 813 

Dovetail  milling 181ft 

Draw-cut  shaper 832 

Draw-in  chudos 405 

Drifting,  hand  broaching  or 846, 847 

DriU  chuoks 122,402 

hokier 410,412 

Drill,  combination 19U 

grooving  twist 1843-1847 

making  taper  shank  twist.  .1845-1847 
Drilling  and  oounteii>orins  duplicate 

parts 809.810 

and  tapping  engine  cyUnder 

heads 803, 807, 80S 

castings  with  jigs 801-810 

eccentrics 404 

flanges 801-605 

for  bolts 801-610 

screws  and  studs 807-608 

set  screws 430-133 

giasB 150 

m  speed  lathe 840,841 

jiffi #01-810. 1248-1863 

maduna  frames 801,  €15-617 

reaming  and  counterboring  in 
horisontal  boring  machines.  .61S 

with  flange  Jig 803-604 

Drilling  Jigs,  locatixi^  holes  in. . .  .1848-1863 
Jigs  for  boring,  alining 

185071855. 1859-186) 
Drilling  machines,  multiple-spindle, 

•03,804,610 

radial 806-609 

Drilling  and  tapinng,  alinement. .  .838,  K9 

DrillsTflat  chucking 411,413 

Driven.    See  Dogs. 

Driving  fits 816. 816,817 

fit,  making 814^17 

Driving  lathe  work 118, 119 

Duplicate  parts,  drilling 801-610 

Duplicate  pieces,  making 801 

Duplicate  work,  milling. .  .1818. 1819. 16)0 
Duplicating  sises,  lathe  stops  for.  .110,  lU 

E 

Eccentric  turning '. . . .  .829-6)5 

Eccentric,  drilling  an 404 

Eccentric  oenters,  laying  oat. 6)0 

Elastic  grinding  wheels 704-707 

Electric  center  grinder,  truing  lathe 

center  with U^ 

Electrical  units 626 

Electrically-driven  engine  lathe.. .  .112, 113 

machine  tools.  .111-11) 
Emery  doth  for  poUshing,  order  of 

applying 432,4)3 

Emery  gnnding  wheels 704, 705 

Emery  wheels,  diamond  tool  for  truing . .  7 10 

End-measuring  rods 824,  IDS 

End  mill,  centennnit 1830, 1831, 1641 

grinding 817, 818.  830. 631 
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Eosine  Isthe 101-109 

Engiiie   latlie   with  rapid   system   of 

cLange  saan 110,  111 

Eiudiah  standard  (Whitworth)  threads, 

^  837  S38 

Epieyoloidal  cutters 1103 

£ean UOl.  1103 

Expanding  mandrels 421, 425 

Expansion  of  work  while  grinding.  .713,  714 

turning 903 

Expansion   reamers.    iSm   Adjustable 

reamers. 

P 

Faoe  milling. .  .UU.  1«12.  IMS.  1«47,  IMS 

Faoe-plate  ohuoks 405 

Faoe  pUtes 406-408,  U59-U61 

Facing  disk  held  in  a  ohuek 408 

large  osriinder €14 

mill It05.  It06,  Ml  2 

woik  in  steel 1336 

or  front  tool ft33 

Feed,  star €14, 617 

Feed  or  out  for  planer  work,  direction 

of §17 

Feed  of  planer  ynuk,  time  of §17 

Feeds  and  speeds  for  grinding 708.  709 

lathe  work, 

145-148. 340.  S41 

milling 1008-ltlO 

planing.  .•04,  •06-808 
Fiber,  rT^'"*»g  hard  rubber  or.  .419, 420 

Filea.  miU •05-307 

Filing  berel-gear  teeth U63, 1164 

Uthe  woik 305-307 

Fillets  of  oast  iron,  scraping 426-428 

Finishing  out .126 

Finishing  out  for  boring,  continuous. . .  .#13 

Fin^BrsTor  holding  planer  work 314 

Fits  in  ma#>Mna  construction 314 

Fits,  classes  of 314 

driving 316. 316. 317 

forcing. 316-321 

grinding  forcing 720, 721 

running 716.717.314 

grinding 715-721 

boles  for 321. 322 

press  for  forcing 318. 320 

running 315, 331,  332 

shrinking 319, 321 

table  of  allowances  for  standard.  .322 

turning  and  filing  driving 814-317 

tuniing  and  filing  running.. .  .314-317 

sliding 316 

table  of  driving 316 

foTiOBfi 317 

tables  of  runmng 315 

shrinking 321 

sliding 316 

taper  forcing 317-319 

running 315 

Fits  with  caliper  and  gage,  producing 

standard 322 

Fits  with  micrometer,  producing  stand- 
ard  322 

Fitting,  straight  turning  and 331, 332 

Fixture,  adjustable  tongue 316 

angle  plate,  408.  €15, 814, 915, 1»43 

internal  grinding 727.  728 

shell  milUng 1«13. 1014 

Fixture  for  planer,  Tee 815.  916 

tongue  (or  rib)  .•15,  •16 
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Fixtures,  crankshaft  oentsr •33. 333 

lathe 406-408. 312,  «15 

miUing  jigs  and U17-M19 

string ^26 

Flange  drilling •01-305 

Jigs •03-^04 

Flange,  fiwtahinar  faoe  and  scraping  cast- 
iron  Gathe  work) 425-438 

m Airing  oast  iron 426-438 

Flat  ohuokin^  drills. .  •. 411. 413 

Fluted  chuokmg  reamers 417. 418 

Fluting  reamers U39,  U30. 1334-tt36 

Fly  cutter 1^07.  U03, 1150 

Follower  rssts. 328. 330 

Footstock,  engine  lathe 11)4, 113, 116 

Footstock,  index  he^d  and. 1331,  U33 

slitting  lathe ttl6 

Forcing  fits 316-331 

press 318-330 

Forgings.  pickling  and  tumbling 1310 

Form  milling  cutters 1^07 

Formed  milling  cutters, 

1^05-1^07, 1101-1108 

Forming  tools 436,  •05. 1366-1376 

Formulas  for  gears 1104-1114, 

1132-1136. 114(>-U44, 1154-1158 
screw  threads, 
821-323,  351,  311,  312,  322 

Formulas.  Greek  letters  used  in 1387 

Fractional  threads 333-335 

Front  or  facing  tool 333 


Gsflp)  for  grinding  and  setting  Twenty- 

mne  degree  thread  tools 385,  336 

Gage,  center 113 

lapping  standard  plug. . . .  1829, 1330 
making  standard  plug. . .  .1333-1335 

square  threading  tooTangle 313 

Gage  for  cutter  grinder,  center  height, 

^10,811 

Gage  blocks  for  planers 313 

or  pattern  lor  setting  planer  tool, 

soedal 33 1 ,  333 

Gages,  caliper 333 

end-meaauring  rod 334. 1338 

gear  tooth 1166, 1167 

grinding  plug 1334. 1335 

hole 323-325 

lapping  ring 1330 

limit 324-326 

%3.  1328-1330,  1333-1335,  1337 

reference  disk 324 

special 325 

standard  cylindrical-plug  and 

ring 323 

taper ...328,321 

thread.  .113, 324, 325. 307, 326, 1316 
vernier  height, 

1349-1354, 1359, 1363, 1364 

Gang  mandrelB 422 

mills 1317 

planer  tools 305 

Gashing  worm  gear 1145, 1146 

Gear  hobe U47, 1148. 1381-1386 

rule 1116 

shaper 1124-1126 

stocking  cutters UOl 

tooth  vernier,  caliper 1113, 1166 

Gear  blanks,  ihillinR 1A40, 1»41 

limits  used  in  sisiiig. U04 


6 


INDEX 


Pagb 

Gear  tMtli,  ehAit  of 1115 

Q««r  outter  oentral,  setting  (Accurate 

Method) 1120^  1121 

Gear  cutter  oentral,  eettiag  (Approxi- 
mate Method) 1119 

cutter,  formed It06, 1101-1103 

cutters,  bevel 1159, 1160 

beadatock,  engine  lathe 509 

Gears,  bevel U5*-1177 

epicycloidal UOl,  1103 

formulas  for.  .U04-U14, 1132-1135, 
1140-U44. 1154-1158 

herringbone 1129 

bobbing 1140-1152 

involute UOl-1190 

planing  bevel U71-1175 

pointed  tooth 1180 

spiral U31-1138, 1151, 1152 

spur UOl-1126. 117&-1185 

stub-tooth 1178. 1179 

testing 1182-1184 

worm U39-1149,  U52 

Generators,  bevel  gear 1173-1177 

Gibe,  planer 903 

Glass,  drilling 150 

GraduaUngdial 1040 

Graver 437 

Greek  letters  used  in  formulas 1987 

Grinder,  automatic  sising 724, 725 

wet-tool 140-142 

Grinding  angular  cutter 818, 819 

work 804 

automobile  engine  cylinder, 

731,782 

boring  tool 141 

caliper  gage 828,  829 

centers. . .  .116,  710, 809, 831. 833 

convex  cutter 826.  827 

outting-off  tool 138, 139 

diamond-point  tool 138, 141 

end  miU 817, 818, 830.831 

fits 715-721 

flat  cutter 826,  828 

foroins  fits 720,  721 

formed  cutter 824 

gear  cutter 823.  824 

hand  reamer 820,  821 

hiffh-speed  steel  cutter 140 

hole  in  automobile  gear.  .727, 728 

milling  cutter 728, 729 

inserted  tooth  milling  cutter, 

815.816 

jig  bushing 829. 830 

lathe  tools 135-142 

mandrel 1»)5-U07 

milling  cutters 808-827 

piston  nnfsfi 807 

plain  millmg  cutter. 814.  815 

plain  surfaces 805-807 

plug  gages 1234, 1235 

phosphor^bronse  taper  bushing  718 
radial   teeth   of   side   milling 

outter 816.817 

round-nose  tools 135. 136 

side  tool 136, 137 

rides  of  slitting  saw 827 

slender  shaft 722-724 

spiral  milling  cutter 819 

square  threading  tools. .  .138. 139 

standard  mandrel 1205-1207 

standard  ring  gage 729.  730 

straight  edge 828, 829 
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Grinding  taper  x«ainen 832, 823 

taper  shank  of  end  mill .  .830, 831 
topers,  718, 721. 735. 726. 730,731 

thin  machine  parts 802 

Twenty-nine  degree  thread- 
ing tooU 824. 526 

Grinding  United  Stotes  standard  or 

sharp  V  threading  tools 140 

with  back  rests 723-736 

work  square  with  magnetised 

master  blocks 803.804 

Grinding,  allowances  for 713 

cutter 808-827 

cylindrical 701-726 

*  depth  of  cuts  for 709 

direetion  of  rotation  of  work 

and  wheel  for 709.  737 

expansion  ol  work  while.  713, 714 

internal 727-732 

lubricants  for 713 

maohine 701-726 

measuring  tods  for 714 

methods    of    driving    work 

for 711,712 

rough  and  finish 713 

setting     swivel     table     for 

stnui^t 712,  727. 809 

setting  swivel  table  for  taper.  713 

speeds  and  feeds  for 708, 709 

surface 801-807 

the  finish  of  woric  by 713 

wot  and  dry 712-714 

width  of  face  of  wheel  for 709 

Grinding  on  two  dead  centers,  principle 

of 701 

Grinding  machine,  universal 702, 703 

Grinding  machine  cttitees,  truing.  .710, 711 
Grinding  machines,  care  of. 

710,711,714.809 

classes  of 702 

cutter 719,808 

opottting  univer8al..715 

plfdn 721-726 

truing  centers  of, 

710.711.809 

Grinding  wheels,  alundum 704, 705 

carborundum 704. 705 

ceUuloid 704.706 

chart  of 705 

combination 106 

corundum 704,  70S 

Gup 707,806,813,815 

CKsk 707,812,813 

elastio 704-707 

emery 704,705 

grades  of 704-707 

nUcate 704-707 

table  of  (needs  for "^8 

tanite 704,706 

truing 709,710 

vitrifed 704-707 

vulcanite 704, 706 

Grinding  work,  measuring 714 

Grindin|E  woric  t>f  one  diameter,  end 

driving  dog  for 711, 712 

Ground  work,  seasoning  of 714 

Grooving  tops 1831-1933 

twist  driU 1943-1247 

H 

Half  diamond-point  tools 127,  806 

Hammer,  lead 422 
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Hammer,  maohinist's 121. 122 

rawhide 422 

Hammers  for  finished  work,  soft 422 

Hand  broaching  or  drifting  reamers, 

418-419 

reaming  in  engine  lathe 415-418 

reaming  stand 410 

reaming  in  vise 414 

turning 437-440 

nnai«hinA  handle 437-440 

Hand  wheels,  turning 436 

Handles,  mulnng  formed  machine.  .437-440 

Headstoek,  engine  lathe 104-107 

Height  of  lathe  cutting  tools.  .128, 131-134 

HeOcal  spur  gears 1128, 1129 

Helical  tooth  milling  cutters M47, 1*48 

Hexagonal,    calculating    diameter    to 

turn  blank  for  milling  or  filing .  .1925, 1926 
High-speed  steel  milling  cutters,  cut- 
ting speeds  for 1908 

High-speed  steel  lathe  toob a04-«10 

cutting  speeds 

for 147 

Hobo,  gear 1147,  U48.  IZSl-ltSQ 

reUeying 1381-U86 

Hobbing  worm,  spur  and  spiral  gears 

1146-U52 
H<^dera  and  cutters,  lathe, 

806-812,  814,  S06-S08. 814 

planer 905,809 

Holding  planer  work  by  cementing  or 

gluing. 920 

pUner     work     with     finger 

clamps 922 

Hole  gages 823-225 

Holes,  allowances  for  reamed,  ground 

and  bored 821,822 

broaching 843-^648 

button    method    of    accurately 

locating 1848, 1357-1863 

chart  of  broached 844 

countersunk 117-124 

plug  method  of  accurately  lo- 
cating  «48-1857 

reamed 413-419 

stepping  work  for  taper €20 

table  of  allowances  and  limits 

for  standard 821.822 

taper «19-923 

Holea  in  Jigs  and  accurate  machine 

parts,  location  of 1848-1863 

Holes  with  a  boring  mill,  accurate  bor- 
ing of 1852-1855 

Holes  with  a  lathe,  accurate  boring 

of 1857-1861 

Holes  with  a  miUing  machine,  accurate 

boring  of 1849, 1855-1857 

Hot  oenteoiB,  burnt  or 802 


Independent  chucks 402 

Index  grinding  for  milling  cutters.  .814-827 

Index  head  and  footstook 1921. 1922 

miUing 1919-1940 

Indezhig  in  the  engine  lathe 852 

Indexing,  differentul 1923-1925 

plain 1921-1923 

rapid 1919-1921 

Indexing  nlate.  use  of 1922, 1923 

Indexing  hand  reamers,  principle  of .  .1984 
Indicator,  axis 1813 
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Indicator,   surfaoe  speed  attachment 

for  speed 146.147 

thread 836 

Indicators,  dial-test 181 1, 1812 

test....  1810-1813,   1849-1852 

1859,1860 
Inserted  tooth  milling  cutter, 

1906, 1906, 1919. 1943 
Inserted  tooth  milling  cutter,  grind- 
ing  815,816 

Inside  spring  calipers 801,  i02 

Inside  micrometer  calipers 802-^4 

Inside  square  threading  tools 815, 816 

squaring 805,806 

Inside  threading  tools.  United  States 

standard  or  Sharp  V 806, 807 

Inside  Twenty-nine  degree  threading 

tools 825,826 

Inside  United  States  standard  or  Sharp 
V  threading  in  the  engine  lathe.  .806-810 

Interchangeable  machine  parts 901 

Internal  gears  with  automatic  gear- 
cutting  machines,  cutting 1127. 1128 

Internal  grinding 727-732 

fixture 727.728 

International    and    French    standard 

threads 851 

Interrupted  thread  tap 809 

Involute  gears 1101-1190 

J 

Jacks,  leveling 913, 921 

Jamo  tapers 836.  837 

Jig  for  duplicate  milling  machine  parts .  19 19 

Jig  reamers 904,  905, 819, 820 

Jig  vise 608, 909 

Jig,  hand  reaming  thin  work  held  in . .  .415 

Jig  bushing,  grinoUng 829,  830 

Jig,  solid 901 

Jigs  for  tapping 906 

Jigs,  box 904-906 

driUing 901-810, 1848-1863 

locating  holes  in  drilling. . . .  1848-1863 

multiple 901 

planer 823 

planing  drilling 1848 

plate  (flange) 902 

rotary 901 

Jigs  and  fixtures,  milling 1917-1919 

Joule 826 

Journals.    See  Bearings. 

K 

Keyseater  and  Blotter 936. 937 

Key  way  in  pulley  or  gear,  planing  taper .  927 
Keywaya,  mUling  1914.  1915,  1918,  1930, 

1931 
Knurling.    See  Nurting. 

L 

Lacquering 440 

Lands  of  reamers. 413, 820-822, 1936 

Laps 1828-1832 

Lapping 1828-1832 

center  holes 1828, 1829 

Lapping  standard  plug  gage 1829, 1830 

Lard  oil. 148, 149 

Lathe  apron 107-109 

centers 113-115 

dogs  or  drivers 118 

holders  and  cutters, 

806-812.814,805-807.814 
tools  for  oast  iron 125-135 
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Lalhe  toob  for  wUmI  or  wrmisht  iron, 

901-914 
Lfttha  with  rapid  clumge  gear  meobft- 

niam 110,111 

LatiM,  motor-driv«n  ongiiie 112.113 

•D^ 101-109 

■wing  of 101 

Lfttho  bed,  miUiiic 1917 

plMkinc 937-929 

^n5,711.909.881.M2 
4iKnmtinc  work  on, 

118.119.901-903 

truinc  enfiiie 114,115 

Lathe  niadle,  makiBC  amall 922, 923 

ImOm  tools,  ancles  of  125, 126. 12fr-iaO.  138 

box  for 102.109 

ohart  of  forced 126.127 

-  etearBneeoT. 125.129 

outting  andee  of 125, 186 

•peedsof 145-149 

135-148 

It  of 128,131-134 

steel 904-910 

126.126 

Lathe  work*  axis  indioator  for ..1313 

oenter  holes  in 117-124 

dxinng 118 

906-907 

and  feeds  for, 

145-149,940,941 


flUoc.. 
speeds 


143-145. 907-909, 911. 912. 
920,901-904 

Lathe  head  and  footstook,  planing 929 

Lathes,  attaohments  for, 

110. 115. 930. 981, 926-929 

obunes  of 103 

requirements  for  suooesBf ul  use 

of  engine 113 

Laying  out  holes  in  engine  orank. 607 

two-throw   90*  crankshaft 

center  fixtures 932-935 

Lead  hammer 422 

liead  oi  screw  threads 930, 935 

screws 107. 108, 109, 919 

Lead,  machining 419 

Left  diamond-point  planer  tool 906 

tools 906 

side  tool 906 

threads 919, 982, 910 

Leveling  jacks 913, 921 

taper  woik  in   milling  ma- 
chine  1939 

work  on  planer   table  with 

surface  gage 921 

Limits  used  in  sising  gear  blanks 1104 

Limit  in  milling 1911 

gages 924-926 

Line  tapping.    See  Alinement  drilling 

and  tapping. 
Line  reammg.     See  Alinement  reaming. 

Lining  lathe  centers 116, 117 

Live  center 113. 114 

Lock  washers 956 

Long.  feed,  lathe 107-109 

Long  screws,  threading 936, 937 

Lubricant  for  broaching 946 

milling  cutters 1909 

Lubricants  f6r  outtinji  toob 148-150 

grindmg 713 

Lubricating  or  oiling  bearings 151 


M  Pia 

Manhine  tools,  origin  of 101 

Machinists'  hammer 131, 113 

Magnetic  chucks 928-616 

Magnetised  master  blocks 803-9&4 

Mandrel  or  ari>or  block 4i2 

making 1909-Uf>9 

or  arbor  press 920,422.423 

Mandrel,  eccentric 932 

making  standaid 2903-1907 

making  U.  8.  8.  nut. .  .1909, 1909 
soft  hammers  f<»'  driving. ....  422 

stub 921 

Mandrel  dimensions,  standard...  1904, 1905 

Mandrels 420-426, 1903-1909 

Mandrels,  built^p 422 

l»idges  in  hollow  rsstings  to 

tebs  place  of 421 

423 

431. 425 

4i2 

nut 940,1908,1909 

standard  solid ..  .430. 1904, 190S 

special 432 

Manufacturing  typo  of  milling  ma- 
chine  1*18. 1919 

Master  blocks,  magnetised 803-604 

Material  (stock),  inepection  and  meas- 
urement of ISO 

Measuiingangleswithwie  bar.  .1963-1965 

grinding  work 714 

Measuring  lathe  worit, 
143-145;  907-909, 911.  919,  930.  i01-9(M 

miffing  work ttlO.  1911 

planer  woik 912 

tapers  with  sine  bar 1963 

Mimmirinr  maohine,  twenty-four  inch 

standiu^ 1S86-U38 

Meter,  cut 145 

Metric  threads 918, 935 

Micrometer,  alining  planer  taUe  with.  .909 

Micrometer  ealij;ien. 907-910, 913 

oabpers,  Inwde .......  903-904 

ten-4houflandth...913 

thread. 1914,1315 

wnier 911,913 

MUI  files 905-907 

Mill.  centeiHsnt  end 1930, 1931,1911 

cotter 1907.  IMO,  1931 

fadng 1906, 1906, 1612 

Milling  cutters 1905-1908 

bolt  head  and  nut  bersgonai 
in  mining  machine... . .  w36, 1937 
in   bolt  head    miOing   ma- 
ohine  1930.1691 

dovetail 191« 

duplicate  worit. . .  .1918, 1919, 16» 

•ndof  shaft  square 1938. 19» 

inside  bosses 1945 

iiregular  shapes 164t 

jigs  and  fixtures 1917-1911 

kesrways  or  slots  in  shaft, 

1914. 1916, 19184990. 1931 

maohins  arbor 1904 

collets 1904 

Milling  machines 1901,U04 

racks , U3U 

radial    tooth   in  oidd   miilitig 

cutter 1938. 1939 

square  head  with  end  mill,  1938. 19}9 
teeth  of  angular  outtar.  .1937. 1935 
puin  millinc  cutter, 
^^^       1986.1937 
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MUlanc.  droular l«40-lf  4ft 

face. .  .Mil.  fl%,  lt43,lM7.li48 

index ttllK1040 

limits  in llll 

methods  of  holding  work  in 

plain Mil 

multiple 1918 

speeds  and  feeds  for lM8-ttlO 

spiral 1S3 IKU4  7 

yertioal 1943-lMS 

Milling  cutter,  making  plain 1924-1926 

Milling  cutters,  angles  of 811. 1805 

chart  of 1908 

eoarBS  tooth 1847 

cutting  Qwed  for 1808 

feed  for 1809 

grinding ..808-827 

heUcal  tooth. . .  .1847. 1848 
lapping  holes  in .  1330, 1831 

lubricant  for 1809 

"*fl1^*>g  tseth  of, 

1838-1839, 1924. 1225. 
1941, 1942 

rake  tooth 1843, 1847 

Milling  machine  vise 1811-1813 

Milling  machine,  planer  type.. .  .1818-1817 

manufacturers'  type 

of 1818.1819 

Milling  machines,  cutting  movements 

of 1807.1808 

Milling  machines,  vertical 1843 

Milling  machine  dogs  for  taper  work, 

speoal 1839. 1840 

Milling  work,  measuring 1810. 181 1 

Mills,  gang 1817 

side  or  radial  (aheU-end) 1806 

Monel  metal 834 

Morse  tapers. .  .928-931. 933-935, 937-939 

Motornlnven  shaper 838 

Motor-driven  machine  tools,  examines 

of 112.1802 

Mounting  work  on  lathe  centers, 

118.119,901-903 

Multiple  Ji^ 801 

milling 1818 

Multiple-spindle  drilling  m^t^jwj»«, 

803. 804. 810 

Multiple  threads S19. 831. 832 

Multiple-threaded  taps 832 

N 

Noiaeleee  jCeMs 1181 

Normal  of  spiral  gears 1132 

Nuriing,  hand 835 

machine 836 

Nut  and  bolt  making 839-845 

mandrel,  making  U.  S.  8...  .1908. 1909 

Nut  mandrels 840 

Nut  in  alinement,  drilling  and  tapping 

a  cross  feed 838. 839 

Nuts,  damp 841 

fixed 838 

nurled-head 886. 837 

threading 819, 843, 806, 807. 838 


Ohm t26 

Oil.  kerosene 149 

lard 148,149 

sperm 148 

Oiling  crinding  machines 714 

iJaners 820 

Oil  stones,  Aricansas 143 
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Oil  stones.  Carborundum 148 

India 148 

Oilstoning  tools 143,  832 

Outside  diameter  of  gear  blank 1108 

P 

Parallels,  or  wedges,  planing  taper 917 

planer 813 

Pickling  and  tumbling  castings  and 

forgings 1910 

Pins,  screw / 914 

taper 418. 419 

Pipe  tap,  threading 824 

turning,   revolving  dead  oenter 

for 421 

Piston  rings,  turning 828 

grinding 807 

Pitch  diameter  for  gearing 1105 

of  threads 820 

Pitoh,  circular 1106. 

diametral U04. 1105 

Pitch  line,  finding  thickness  ci  tooth 

at 1107 

Plain  grinding  machines 721-728 

udexing 1921-1923 

^milling 1911, 1812 

Planer 801-804 

Planer  bolts 914 

damps , 918-915. 923 

forming  tools 905 

head  mechanism 803-904 

holders  and  cutters 805,809 

Jacks 913.921 

Jigs 923 

parallels 913 

shoe  for  holding  work 923 

templets 928, 929 

tools  and  side  heads,  special. 

804.921.922.924 
-type  milling  machine. . . .  1816, 1817 

v^ 826 

Planer  table,  redressing 810 

tod,  special  gage  or  pattern  for 

setting :. 921. 922 

Planer  tods,  adjustable 905. 925 

anfl^esof 906 

forged 905 

gang 805 

work,  measuring 812 

spring  of 920 

work  with  surface  gage,  alining. 921 
without  surface  gage,  alin- 
ing  ■ 921 

Planer  work,  beveling  end  of  castings 

for..T. 7T?:.917 

direction  of  feed  or  cut  tor  917 

dide  rule  for  timing 938 

time  of  fe^  for 917 

Planer  rail  in  alinement,  setting 809 

Planers,  classes  of 801 

deaning 920 

oiling 920 

Planing  bevd  gears U71-U75 

drilling  Jigs 1948 

keyway  in  flange 926,  927 

hub 925 

shaft 924.925 

lathe  bed 927-929 

.  lathe  head  and  footstook 929 

rectangular  work  damped  to 

Uble 918.919 

rectangular  work  hdd  in  shaper 
vise 984,988 
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Planifig  taper  kevway  in  pulley  or  gear . .  027 

parallcat  or  weagea §17 

work  in  a  Tiae §33 

Planing,  angular §09-§ll 

beveling  end  of  caatings  for ...  §17 

horiaontal §0«-§10 

apeeda  and  feeds  for . .  §04.  §06-§08 

Tee  dot §23.  §24 

vertical §01>-§11 

Plate  Jiga §02 

Plug  gagea. 

«23, 1»28-M30.  M32-l»35.  tt37 

Plug  gagea.  grinding ItZi,  1S35 

Plug   method  of  accurately  locating 

holea 1248-1257 

Point«d-tooth  gears 1180 

Poliahing  and  buffing 440 

braaa 434.435 

cast-iron  flange 433 

clamps 434 

copper 434,  435 

steel  shaft 434 

Polishing,  abrasives,  speeds,  and  ma- 
chines to  use  for 432,  433 

order  of  applying  emery  cloth 

for 432,433 

Power  reaming  in  engine  lathe. . .  .417-419 

tappmg .•■•;■•  ••07.  f08 

Precise  location  of  holea  in  jigs  and 

accurate  machine  parts 1248-1963 

Precision  Screws 123&-1338 

Press  fits.    See  Forcing  fits. 

Preea,  forcing 218.  220 

mandrel  or  arbor 220, 422.  423 

straightening 1217 

Profiling  (Duplicatmg  irregular  forms)  .1046 

Protractor,  bevel 1185-1187 

vernier  bevel 1187 

Pulley,  chucking 412 

schedule  of  operationa  for  mak- 
ing  430-432 

Pulleys,  locating  set  screws  for 432 

tapering  or  crowning 428-431 

Punch,  center 121. 122 

R 

Racks,  cutting 1130 

Radial  drilling  machines 60e-§09 

facing  cylinder  ends. ..... .614,  €15 

Rake  of  lathe  tools 125, 126 

tooth  milling  cutters 1043. 1047 

Rapid  indexing 1019-1021 

Rawhide  hammer 422 

Rawhide,  machining 420 

Reamed  holes 413-419 

Reamer  wrench 414 

Reamer,  grinding  taper 822,  823 

making  hand 1226-1228 

Reamer  to  sise,  stoning 821,  822 

Reamer    with    Cup    Wheel,    grinding 

hand 820 

Disk      Wheel,     grinding 

hand 821 

Reamers  for  brass 413, 634 

Reamers,  adjustable 415,  416 

broach 418,  419 

center 120, 122 

clearance  of ,  4 1 3, 8 1 1-8 1 3, 820, 822 

expanding 415,  416 

flat  chucking 411.  412 

fluted  chuclung 417, 418 

fluting. . .  .1029, 1030, 1034-1036 


Pagoi 

Rearoera,  grinding  taper 822. 823 

hand 413-117 

irregularly  apaoed  teeth  oo. .  .413 

jig 004,  tOS,  019.  8$' 

landa  of 413, 820-«22. 1026 

principle  of  indexing  hand.  .10J4 

rose  chucking 41$ 

sheU «1&^19 

taper 018-023 

Reaming  stuid 415, 416 

Reaming  taper  holea  in  a  speed  lathe 

by  power 413,  419 

Reaming  thin  work  held  in  jig,  hand. .  .4:'' 

Reaming,  allowances  for 413 

finish 413 

rough 413 

Reaming  in  engine  lathe,  hand. 41&-41S 

Sower 417-419 
,haad 416 

Reaming  in  viae,  hand 414 

Reaming  with  jig,  power  alinement. . .  .418 
Reaming  with  shell  reamer,  hand  aline- 
ment   €18 

Reference  disks t24 

Relieving  attachments 1271, 1772 

coimterbores l?7o 

dies 1280,  ttSl 

formed  milling  cutters, 

1265-1275. 1285. 12S6 

hoba 12S1-12S6 

taps 1276-ltSO 

Rest,  compound 1189, 1190 

Rests,  follower  or  back 028. 42) 

steady  or  center 026-423 

Rib  (or  tongue)  fixture 915 

Right  and  left  milling  cutter 1907 

Ring  gage,  standard 223.  729.  730. 1230 

Ring  gages,  taper 226. 1^1 

Rolled  threads 319 

Rose  chucking  reamers. 418 

Rotation  for  milling,  correct  direction 

of 1007,1005 

incorrect  direction 

of 1007,  WS 

Rouge. 4« 

Roughing  cut 12S 

tools 127, 130,  SOS,  304 

Round-noae  tools ....  129. 130, 134, 133, 534 

hand  tools 437 

Round-noae  tools,  grinding 135. 139 

Rubber  or  fiber,  machining  hard..  .419,430 

Rules,  standard  steel 143, 001. 514 

Running  fita 215. 231, 212 

Running  fits,  turning  and  filing. .  .214-317 
Rust  or  corrosion,  prevention  of 1^1 

S 

Saw,  grinding  sides  of  slitting §'7 

metal  slitting 1919 

Schedule  of  operations.    See  Special      .t 
Index  of  Problems. 

Scraper,  center  hole 631 

flat 425 

round-nose .^ 429 

Scraping  cast  iron  in  an  enmne  lathe. 

Screw  hunters  for  planers IH 

pins  for  planers 9U 

Screw  cutting.     See  Threading. 
Screw  threaded  work,  root  diameter 
of 320 
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Screws,  lead 107. 108, 109,  S19 

Predaon 1S3^1S38 

safety  set 430.  432 

Screws  and  stud   bolts,  drilling  for, 

«07,«>8 

Seasooing  of  ground  work 714 

Shaft,  gnnding  a  slender 722-724 

making  eccentric .•29-f  31 

milling  keyway  in 1014,  ltl5 

polishing 434 

turning  a  slender «27-t29 

Shaft  blanks  for  grinding  fits,  prepar- 
ing  S14,  S16 

Shut  blanks  for  turning  and  filing  fits, 

premuring. S16,  S17 

Shafting,  rods  and  bolts,  straightening, 

124, 125 

Shank,  chuck 401 

Shaper,  crank •30,036 

draw-cut §32 

geared §30 

motor-driven §36 

stroke  of §30 

traveling-head §31.  §32 

Shaiier  vise,  swivel §32 

Sharpening  tap 825 

Shear  planer  tool §08 

Shell  reamers «10-§19 

Shoe,  planer §23 

Shoulders,  squaring 132,  S39,  505,  A06 

Shrinking  fits 219.  221 

Side  tools.  .127. 13&-132,  SOI,  S02,  S06-S09 

tools,  grinding 136-137 

Silicate  grinding  wheels .704-707 

Sine  bar 4863-1265 

Sine  bar,  measuring  angles  with. .  1263-1265 

tapers  with 1264 

Slender  shaft,  grinding 722-724 

turning «27-t29 

Slide  nde  for  timing  planer  work §38 

Sliding  fits 216 

fit8,toble  of 216 

Soap  mixture  for  cutting  toob 150 

Soda  water  for  cutting  tools 150 

Soft  hammers  for  drivmg  mandrel 422 

Solid  jig 601 

Special  planer  clamps §23 

tools    and    side    heads. 

§04,  §21,  §22.  §24 

Speed  for  lathe  filing 205,  206 

Speed  indicator,  surface  speed  attach- 
ment for 146, 147 

Speed,  measuring  cutting 146 

8peed  of  belts,  changing 152 

Speed  lathe,  chucking  in 640,  S41 

tapping  in S40-542 

threading  in 642.  643 

Speeds  and  feeds  for  grinding 708,  709 

lathe  work, 

145-148,241.242 

milling 1§08-1010 

planing.  ..§04,  §06-§08 

Sperm  oil 148 

Spiders  for  mandrels 422 

Spindle,  making  lathe 622-624 

Spiral  bevel  gears 1176-1177 

Spiral  gears 1131-1138. 1151. 1152 

Spiral  milling 1239-1247 

cutters. 1006, 1011, 1047. 1048 

Spring  calipers 143-145 

chuck 405 

of  planer  work 020 

tooU 805,  007,  010, 1216 


Paob 

Spur-gear  tunion,  iveparing  blank  for, 

1116, 1117 

Spur  gears 1101-1126, 1178-1185 

Spur  pinion  and  gear,  cutting. . .  .1116-1120 

Square  dog 639 

Square-noee  latiie  tools 135 

Square-nose  planer  tools 007 

Square,  calculating  diameter  to  turn 

blank  for  miUing  or  filing 1025, 1026 

Square,  milling  end  of  shaft 1028, 1029 

Square  thread  nut,  making 619-621 

Square  thread  screw,  making 616-^18 

Square  thread  screw  and  nut,  sectional 

view  of 611 

Square  thread  tap,  making 1220, 1221 

Square  thread  taps 616. 1220, 1221 

Square  threading  tool  angle  gage 613 

holders  and  cut- 
ters  614 

Square  threading  tool,  setting 614, 615 

Square  threading  tools 612-dl6 

Square  threading  tools,  grinding. .  .138, 189 

Square  threads 610-621,1220. 1221 

Squares,  caliper 212, 213 

Squaring  brass 633, 634 

cast  iron 129-132,  S12 

Squaring  steel  or  wrought  iron, 

001.002,00^-009,612 

Squaring  to  shoulder 132, 039, 605,  606 

with  inside  squaring  tool . .  605, 606 
Squaring,  grooved  dead  center  for. .  13 1, 132 

step  method  of 001, 802 

Standard  and  limit  gages 223-226 

holes 221,222 

soUd  nwndrels. . .  .420, 1204. 1205 
Standard  measuring  machine,  testing 

end  measuring  rod  with  24'' 1238 

Star  feed 014.  617 

Steady  rests.  .022.  623, 026-628, 1029, 1030 

Steel  rules,  sUndard 143,  601,  614 

Steel  or  wrought  iron,  cutting  speed  for 

planing 004 

diamond-point 
tool  for  finish 
turning. . .  .004-800 
diamond-point 
tool  for  rough 

turning 002 

facing  large  work 

in 004 

feed  for  planing . .  004 

finish  planing  006. 008 

finish  turning .  .004, 806 

lathe  tools  for.801-814 

planing 007,008 

rough  planing. 007, 008 

turning  802-804. 

807--809 

squaring. 801, 302, 006 

809.  812 

Stellite 810 

Step  blocking 013, 021. 022 

method  of  squaring 301,  802 

Stop-boring  for  taper  holes 020 

Stock  (material),  cutting  off 813. 814 

inspection  and  meas- 
urement of 160 

Stoning  reamer  to  sise 821.  822 

Straight  edf:e.  grinding 828,  829 

Straight  gnnding,  setting  swivel  table 

for 712,  727, 809 

Straight  turning  and  fitting 231,  232 

Straightening  press 124. 125, 1217 
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Smiflliteniiiff  haMwind  and  tempered 

Stna^tening  shafting,  rode  aiid  bolts, 

124. 126 

Stmppinc  work  to  planer  table tU 

Strini  fixtuzea  for  planers 025 

Stub-tooth  fears 1178, 1170 

Stub  mandrel «21 

Stud  bolts •07,  COS 

Stud,  making S48.  S49 

Stud  bolts  and  screws,  drUig  for..t07,  COS 

Studs  for  driving  lane  work 423 

Studs  by  power,  setting 007.  008 

Surface  grinding 801-807 

machines 801 

Surface  gsge,  alining  planer  work  with.  .82 1 

without...  .821 
Surface  speed  attachment  for  q;>eed 

indicator 146. 147 

Surface  qpeed,  table  of  number  of  revo- 
lutions required  to  obtain 240,  t41 

Swing  of  lathe 101 

Swivel  shaper  vise 882,  833 

Swivel  vise,  graduated 1812 

T 

Tanite  grinding  wheel 704,  709 

Tap.  interrupted  thread 800 

sharpening 825 

Taper  forcing  fits S17-S19 

gages 828.  821 

holes 810-823 

pins 418.410 

reamers 818-823 

ninmng  fits 815 

turning 

826-231. 822.  823, 1189.  U90 
turning  with  taper  attachment, 

230.831 
Taper,  setting  compound  rest  to  turn, 

U89.  U90 

turning  and  fitting  a 228, 829 

Taper  bushing,  grinding 718 

collet,  grinding 720 

Taper  grinding,  setting  swivel  table  for ..  7 12 

Taper  reamers,  (^dmg 822,  823 

Taper  hole  in  spmdle,  grinding . . .  .730,  731 
Taper  holes  in  a  speea  lathe  by  power, 

reaming 418,419 

Taper  parallels  or  wedges,  planing 817 

Taper  pin  reamers 418. 419 

Taper  shank  of  end  mill,  grinding .  .830,  831 
Taper  shank  twist  drill,  making. .  1245-1247 

Taper  work,  setting  tool  to  thread 824 

Taper  work  in  vise,  planing 833 

Tapering  or  crowning  pulleys 428-431 

Tapen,  Brown  &  Sharpe.23C,  ZZZ,  237-239 
calculating  distance  to  set  over 

footstock  for 227, 228 

2rinding.718. 721. 725. 726, 730. 731 

Jamo 236, 237 

methods  of  grinding 712 

Morse.  .228-2017233-235,237-239 

standard  and  special 226 

tables  of  footstock  set  overs  for 

turning 237-239 

use  of  patterns  to  obtain 228 

Tapping  attachment 807,  808 

in  engine  lathe 808.  809 

spwd  lathe S40-n842 

Tapping,  alinement  drilling  and.  .  .638,  839 
jigs  for 806 


pAfil 

Tapping,  poww 807, 803 

Taps,  adjustable 809 

grooving 1881-1833 

making 824, 825. 121»-1223 

multiple-thxeaded 832 

relievmg 1276—1280 

Square  thread 816,  ItaO.  1221 

threading  pipe 824, 825 

Twenty-nine  degree  thread, 

826. 1222, 1223 
United  States  standaid. .  .1218»  1219 

Tee  fixture  for  planers ^ 815. 816 

slot  planer  tool  lifter 823. 834 

Tee  slots,  milling 1842 

planing 823.824 

Templets 437,  433 

Test  indioatOTB 1210-1213, 1249-1252, 

1259,1260 

Testing  gears 1182-1184 

Temnle  test  speeimen,  making 846, 847 

Thread  calipers 820 


113, 824, 825. 807. 826, 1216 

indicator 836 

micrometOT  caliper 1214, 1215 

Thread  to  a  shoulder  in  an  engine  lathe, 

cutting 832, 810 

Threading  dies 842, 843 

Threading  in  ennne  lathe, 

818-838, 84^-849, 80«-833 

in  speed  Uthe 842, 843 

long  screws 836.  837 

nuts 819. 843, 806. 807. 838 

Uper  work 824.  825 

tool  holders  and  cuttersJOft,  814 
with  rapid  change-gear  medi- 

anism ^10.111 

Threading,  oalculating  compound  osaiv 

ingfor .^8-835 

calculating  simple  gearing 

for 827 

calculating  gearing  for  frao- 

tional 833 

calculating  gearing  for  met- 
ric  835 

description  of  medumism 

for 829-8S1 

formulsa  for. 

82 1-828,851, 811, 812.gS 

operating  lathe  for 881 

theory  of 828, 827 

Threading  in  the  engine  latbe,  insideu 

808-810 

Threading  tool,  spring 1316 

Threading  tools, 

808, 829-426, 838, 806-816, 5S1 
822, 824-826, 1216 
tools,  grinding, 
138-140,  824-826,  815, 824-826 

Threads  per  inch 820. 821 

Threads,  counting 820.821.831 

double 831, 832 

fractional 832-835 

International  standard 851 

lead  of 890,835 

left 810,832,810 

metrie 818.835 

mulUple 819,831  832 

pitch  of 820 

right  and  left 819 

roltod 819 

Sharp  V. .  .818-843,  856, 806-810 
Square 810-431. 1880. 1231 
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Thnadi,  TiraBty-nine  desrad. 

«21-«31,U22,U23 
United  Sutes  standftid, 

.  tl8.  S22,  t23,  t25,  t26,  t3I, 
tfi6.«)0-ftl0,»18, 1219 

QMS  of  different tl9 

Whitwoith  (Engliah)  etand- 

•rd t87,t38 

Thumb  nuta,  making  bmaa  nuiied,  136,  ff37 

Time  element «...  .SOI 

Toe  dogs  for  planers §14 

Toncue  (or  rio)  fixture  for  planen,  .§15,  §10 
Tool  hoiden  and  cutters.    5m  HoI- 
den  and  cutters. 

Tool  makinff 1901-U87 

Tooth  rest  tor  cutter  grinding, 

81(>-«U,  824 

Tooth  clearance,  gear 1107 

Tooth,  working  depth  of  gear. 1107 

Tooth  at  pitch  line,  thickness  of  gear.  .1107 
Traveling   head    shaper   or    traverae 

shaper §31,  §32 

Triple  threads ff32 

TripoU 440 

Truing  engine-lathe  oenten 114, 115 

grmHing  mi>rtli»iy^  CentSTS, 

710,711.809 

wheels 709.710 

Tubinc,  cutting  off 831 

Tumbling  castings,  pickling,  etc 1810 

Turning  aluminum 419 

babbitt 419 

brass 633-887 

bronse 419 

cast  iron, 

129-135,  144.  !801-!806.  312. 

S20-S32 

oomposition 833 

copper 419 

lead. 419 

monel  metal 834 

steel  or  wrought  iron, 

§01-817rt39-849.  852.  853 

Turpentine  for  machining  glass 160 

Twenty-nine  degree  thread  tape, 

820. 1222. 1223 
Twenty-nine  degree  thread  tap,  mak- 
ing  1222. 1223 

Twenty-nine  degree  thread  nut,  mak- 
ing  820-831 

Twenty-nine  degree  thread  screw  and 

nut,  sectional  view  of 821 

Twenty-nine  degree  thread  screw,  mak- 
ing  827-829 

Twenty-nine    degree    threading    tool 

gstge 825, 828 

Twenty-nine  degree  threading  tools, 

822-825 
Twentv-nine  degree  threading  tools, 

grinding 824-828 

Twenty-nme  degree  threads 821-831 

Twenty-nine  degree  threads,  formulas 

for 822 

Twist  drills,  chucking  with 409 

making 1243-1247 

Twist  drill,  three-groove 410 

four-groove 410 

U 

United  States  standard  tap,  making 

1218. 1219 
United  States  standard  threading  toots, 
grinding 825.  828 


Pags 

United  States  standard  threads, 
818. 822, 823, 825. 826, 831. 856, 806^10. 

1218.1219 
United  States  standard  thread  gage. .  .836 
United  States  standard  and  Sharp  V 

threading  tools. . .  .808.  823-828,  806. 807 
United  Statee  standard  screw,  sectional 

view  of 818, 823 

Units,  electrical 826 

Universal  chucks 408. 404 

grinding  machine 702,  703 

milling  machine 1802.1803 

vise 1§12,1§13 

tool  grinder 141. 142 

Universal   grinding   machine,   operat- 
ing  715 

V 

Vernier  bevel  protractor 1187 

caUpers 211-213, 1118,  UQO 

height  gage, 

l[f49-1254, 1259. 1263, 1264 
Vertical  and  circular  milling  attach* 

ments 1§43. 1§44 

Vertical  boring  and  reaming 817-419 

milling  machines 1§43-1§46 

planing 809-«ll 

spindle  surface  grinding  mi^ 

chine 806 

Vise,  graduated  swivel 1812 

jig 808,809 

on  table,  setting  milling  machine .  1§1 1 

swivel  shaper 832,  §33 

universal 1813 

Vises,  planer 826 

VitriBed  grinding  wheels 704-707 

Volt 826 

Vulcanite  grindini^  wheels 704,  708 

Vulcanite,  machimng 419, 42u 

V  threads,  sharp 818-843, 856, 806^10 

W 

Washera.  lock 856 

Water  for  grinding 713,  713 

guuds  for  grinding  machines, 

713,715,716 

Water  for  cutting  tools,  soda. 150 

Watt 826 

Wet  tool  grinder 140-142 

Wheels,  cup 707. 806.812.  813, 816 

disk 707.812,813 

grinding 704-710,  809 

Wheels  and  belts,  polishing  with 440 

Whitworth  (Englisn)  standard  thread- 
ing tools 838 

threads 837. 838 

Whitworth  thread  screw,  sectional  view 

of 837 

Wrench,  socket  or  chuck  screw.  .846. 847 

Wrought  iron,  cutting  speed  for 804 

feed  for 804 

planing 807, 808 

squaring  steel  or, 

801,802,806-809,812 

turning 801-810 

Working  depth  of  gear  tooth 1107 

Worm  gear,  gashing 1145, 1146 

Worm  gear,  making 1144-1151 

Worm  gear  blank,  preparing 1145 

Worm,  making 1147,  U48 

Worm  geare 1139-1140. 1152 


Zero  lines.. 116 
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for  gace  blooks 1S26,  tS27 

Allowance  defined 1105 

B 

BaU  plug  gage ItlO,  Ull 

Boring  and  turning  mills,  heavy  duty 

verGcal 1441. 1442 

Boring,  facing,  and  turning,  heavy  duty, 

1439-1442 
Boring  machines,  horiiontal ....  1439-1441 
Box  parsdlel, 

ltl5.  Itl8,  UIO.  1415, 1417 

Bridge,  toohnakers' 1S15,  ltl7 

Brinell  testing  machine.. .  .1S15,  ltl6, 1S42 


Caliper,  direct  reading  micrometer, 

ltlO.Uli 

Caliper,  metric  micrometer 1133, 1S34 

Combination  inspection 1S38, 1S39 

Combination  gage  blocks,  Johansson, 

ISIO.  1311,  1822-U27 
Complete  or  one-htindred  per  cent  in- 
spection   1S38 

Contour  gases,  profile  or 1S41 

Cricket  or  f ootstock  base,  lathe 1404 

Cylinder  gage,  dial 1S13, 1S14 


Dial  cylinder  gage U13,  ltl4 

Dial  gEKO 1329, 1330 

indicator,  universal.  .1311,  1312,  1330 

Dial  indicators,  direct  reading. 1329 

Direct-reading  micrometer  caliper, 

1310, 1311 

Drawings,  limit  system  on 1306-1309 

Drill  press,  inspection  of 1408-1410 

Drilling  machine  for  inspection  or  opera- 
tion, setting  up  vertical. . .  .1408 
machine  spinale]nole,  to  test  ac- 
curacy of  rotation  of  vertical 

1409, 1410 
machine  table,  to  test  accuracy 
of  vertical 1409 

E 
Engine  lathe,  inspection  of  an. . .  1402-1408 
Equipment  for  inspection 1309-1334 


Facing  and  turning,  heavy  duty  boring 

14.39-1442 


PilGE 

Feeler  gages,  thickness  or 1311, 1312 

File,  inspection  for  hardness  with  a 1342 

Fillet  and  radius  gages 1311, 1312 

Fit,  finger 1424 

wrench 1424. 1425 

Fits,  thresded 1422-1426 

Fluid  gage,  prestometer  or, 

1313,  IZIA,  1330-1332 
Functional  inqpeotion 1341 


Gs«e,  ball  plug 1810.  Ull 

Gage,  dial 1329. 1330 

dial  oyhnder 1313, 1314 

prestometer  or  fluid, 

U13. 1314,1330-1331' 

Gage  blocks,  aoceasories  for 1326, 1327 

JohanssoQ  eombinaticm, 

1310.1311,1322-1327 
Gages,  adjustable  limit  snap, 

1310-1313,1120.   1321 

construction  of 1S27-1K9 

checking 1339. 1340 

e£reot  of  different  metals  on  the 

life  of ..1»8 

effect  of  rough  and  finished  sur- 
faces on  the  life  of 1^^ 

fiUet  and  radius 1311. 1312 

"go"  and  "no-go." 

1310-1313,  U19. 1320. 1422 
indicaUng..  .1311, 1312,  1329-1333 
limit. .  .UlO-1313. 1319-1321 .  1422 
Umit  plug. . .  .1310-U13. 1320. 1422 
limit  snap, 

1310-1313. 1319, 1320. 1422 

master 1339. 1340 

material  for 1327 

pipe  thread 1312,  U13 

profile  or  contour 1341 

thickness  or  feeler! 1311  1312 

thread U10-U13. 1422 

tolerance 1339. 1340 

tolerance  for  wear  of .  .     1327. 132^ 

wire 1313.1314 

"working" 1339, 134«1 

Gages  for  inspection,  sets  of. .    .1339, 1340 
Gages  for  threaded  work,  Umit. 

1310-1313, 1422 
"Go"  and  "no-go"  gages, 

I310-Ui3. 1319, 1320. 1422 
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II  Paqb 

Hardneas,  inspection  for 1S12 

Horizontal  boring  machines 1439-1441 

I 
Indicating  gages.  .  .  .ISU,  1112. 1S29-1333 
Indicator,  thread  lead, 

1S12, 1S13, 1427. 1428 
universal  dial. .  .ISU,  1S12. 1S30 
Indicators  and  testing  machines  for  the 
precision    measurements    of    thread 

leads 1427-1431 

Indicators,  combination  scale 1S33 

direct  reading  dial 1S29 

"feel"  or  touch 1S32, 1333 

Inspection  cribs  or  rooms 1S37, 1338 

for  hardness 1342 

of  an  engine  lathe. . . .  1402-1408 
of  maohme  parts ....  1334-1345 

of  machine  tools 1401-1421 

Inspection  of  a  planer 1415-1421 

a  i>lain  or  imiveraal  mill- 
ing machine. . .  .1410-1414 

threads 1421-1438 

a  vertical   drilling  ma- 
chine,   drill   press   or 
upright  drill.  .  .1408-1410 
a  vertical  milling    ma- 
chine  1414-1416 

Inspection,  combination 1338, 1339 

complete    or    one-hundred 

per  cent 1338 

early  forms  of 1301, 1302 

equipment  for 1309-1334 

functional 1341 

instruments  for 1309-1334 

magnifying-glass 1342 

methods  of 1338-1341 

random  or  percentage ....  1338 
sets  of  gagos  for ...  .  1339, 1340 

tools  for 1309-1334 

visual 1341,1342 

weight 1342,1343 

Inspector,  chief. 1335 

Inspectors,  bench  or  crib 1336, 1337 

foremen 1335, 1336 

traveling,   field   or   opera- 
tion  1330 

Interohangeability  of  machine  parts, 

1302,1303 

J 
Johansson   combination   gage  blocks, 

1310.1811,1322-1327 

L 

Lathe  cricket  or  footstook  base 1404 

proof  spindle 1405 

Lathe,  inspection  of  an  engine.  .1402-1408 
requirements  of  accuracy  for  a, 

1402, 1403 
Lathe  after  assembly,  inspection  of. .  .1405 

boring  test,  to  make 1407 

carriage,  alining 1403, 1404 

centers,  to  test  alinement  of, 

1406, 1407 

during  assembly,  testing 1403 

facing  test,  to  make 1407, 1408 

spindle,  alining 1404, 1405 

spindle  hole,   to  test  accuracy 

of 1406 

Lathes,  special  test  for 1408 

vertical  turret 1442-1446 


Paob 

Lead  screw  testing  machine 1429, 1430 

testing  machines,  thread, 

1428, 1429 
Lead  indicator,  thread, 

1312. 1313, 1427, 1428 

Level,  machinists' 1313, 1316, 1417 

Limit  defined 1304 

gages  for  threaded  work, 

1310-1313, 1422 
gages.. .  .1310-1313, 1319-1321, 1422 
plug  gages. . .  .1310-1313,  1320. 1422 
snap  gages, 

1310-1313, 1319. 1320, 1422 
system  of  manufacturing. .  1303-1306 

system  on  drawings 1306-1309 

Limit  snap  gages,  adjustable. 

1310-1313. 1320, 1321 

Limits  applied  to  threads 1422-1425 

of  accuracy 1305 

Limits  and  tolerances,  to  establish, 

1305,1306 

M 
Machine  parts,  hand  machines  for  in- 
specting  1344  ,.1345 

inspection  of ... .  1334-1345 
machine  for  automati- 
cally inspecting 1345 

reinspection  of. . .  1340, 1341 
Machine  tools,  inspection  of ... .  1401-1421 

Machinists'  level 1313, 1316. 1417 

Material  for  gages 1327 

Magnifying-glass  inspection 1342 

Metric  micrometer  caliper 1333, 1334 

Micrometer  caliper,  diroct-reading, 

1310, 1311 

Micrometer  caliper,  metric 1333. 1334 

Milling  machine,  inspection  of  a  plain 

or  universal 1410-1414 

Milling  machine,  inspection  of  a  ver- 
tical  1414-1416 

Milling  machine  column,  to  test  aline- 
ment of  spindle  with  face  of.  .1410, 1411 
Milting  machine  table,  to  test  aline- 
ment of 1412,1413 

Milling  machine  for  inspection  or  op- 
eration, setting  up 1410 

Milling  machine  knee  with  face  of  col- 
umn, to  test  alinement  of 141 1 

Milling  machine  overhanging  arm,  to 

test  alinement  of 1413,1414 

Milling  machine  spindle  hole,  to  test 
accuracy  of  rotation  of 1411, 1412 

N 
"No-go"  gages,  "go"  and,  ^^^ 

1310-1313, 1319, 1320. 1422 

O 

Optical  principles  for  precision  measure- 
ment of  threads 1430. 1431 

P 
Parallel,  box, 

1315, 1318, 1410, 1415. 1417 

Pipe  thread  gages 1312, 1313 

Pitch  diameters  of  threads,  wire  sys- 
tems for  measuring, 

1431-1434.  1436.  1437 
Plain  milling  machine,  inspection  of  a, 

1410-1414 
Planer,  inspection  of  a » 1416-1421 


16 


rSUPPLEMENT  TO  GENERAL  INDEX 


Paob 

PlAMr  bad.  to  level 1417 

croM  nil,  to  test 1421 

houHncB,  to  test 1418, 1419 

uble,  leveling 1420. 1421 

Plug  gvge.  baU UIO,  ISll 

Plug  gege.  limit U10-U13. 1130. 1422 

Preetometer  or  fluid  gage. 

Vis.  U14.  lS30-lt32 

Profile  or  contour  gages IMl 

Proof  bars ^402. 1406. 1407, 1409 

Proof  ipandle.  lathe 1405 

R 

Radius  gagea.  fiUet  and Ull.  U12 

Random  or  percentage  inopeotion. ....  1S38 
Ring  gage,  to  test  lead  of  thread. 

1427.1428 

S 

Sderosof^M). U15,  ltl6.  It42 

Screws,  to  remedy  errors  in  the  lead  ot, 

1426 

Sine  bar U13,  ltl4.  U25 

Snap  gages,  adjustable  limit. 

U10-U13, 1*20. 1S21 
limit. 

lllO-Uia.  1S19. 1S20. 1422 
Spindle,  lathe  proof 1405 

T 

Tap.  to  teat  the  lead  of  thread  of. 

1427, 1428 
Taps,  to  remedy  errors  in  the  lead  of.  .1426 
Tailstock.     See  Footstock. 

Thickness  or  feeler  gages ISll,  U12 

Thread  clearance 1425 

gages 1S10-1S13, 1422 

lead  indicator, 

U12,U13. 1427, 1428 
testing  machines . . .  1428, 1429 
measuring  wires, 

1212, 1213. 1431, 1432 

Thread  gages,  pipe 1212,  U13 

Thread  angle,  principle  of  measuring 

and  calculation  of 1434-1438 

gage,  to  test  the  lead  of.  .1428. 1429 
Threaded  fit  and  effect  of  errors  in  lead, 

evolution  of 1422-1426 

Threaded  fiU 1422-1426 

Threaded  work,  limit  gages  for, 

U10-U13, 1422 

Threads,  drunken 1438 

inspection  of 1421-1438 


Pacs 

Threads,  limits  applied  to 

three-wire  nreiom  for 
uring, . . .  1S12.  ISIS.  1431-1438 
Three-wire  Systran  for  measuring  pitcli 
diameter  (rf  threads, 

1431-1434.  USa.  1437 
Three-wire     system     for     meamiring 

thread  angle 1431-1438 

Tolerance  defined 1304 

for  wear  of  gages. 1327. 1328 

Toleranoes  for  plated  work 1329 

Toleranoea,  to  establish  limits  and, 

1305,  1306 

Toolmakers'  bridge. 1315,  1317 

fixtures 1313-lSlH 

knee 1315. 131S 

Turning,    heavy   duty    boring,    facias 

and 1420-=i442 

Turning  mills,  heavy  duty  vertical  bor- 
ing, and  1441-1442 

Turret  lathes,  vertical 1443-1446 

U 
United  States  standard  threada. 

cisioa  meammnent  of  piteh 

eters  and  an^es  of 1431-1436 

Universal  milbng  machine,  inspection 

of 1410-1414 

Upright  drill,  inspection  of  an.  .140^-1410 

V 

Vertical  turret  lathes 1442-1446 

Vertical    boring    and    turning     mills, 

heavy  duty 1441-1442 

Vertiosi  driUing  machine,   inspection 

of  a 140&-14 10 

Vertical   milling  machine,   inspeetion 

of  a 1414-1416 

Vertical   milling  macihine  knee   with 

spindle,  to  test  alinement  of. 1415 

Vertical  milling  machine  spindle,  to  test 

alinement  of  table  with 1415, 1414 

Visual  inspection. 1341 .  1342 

W 

Weight  inspection 1342. 1343 

Whitworth  threads,  precision  meaauro- 
ment  of  pitch  diameters  and  an^ea 

1431, 1432. 1435-1438 

Wire  gages U13.  U14 

Wire  systems  for  i»eeision  meaaure- 
ment  of  pitch  diameters  and  anglee, 

of  threads 7l£l-1438 

Wire  vystema,  one-  and  two-. 1438 


